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Neutrophils are a main source of serine elastase and 
TREATMENT OF INFLAMMATION cathepsin G which are important in the tissue damage of 

inflammation. 

RELATED APPLICATION The most direct approach to therapy of inflammatory 

. , .... _ X. t. 5 skin conditions appears to be a direct attack at the site of 

ThK application IS a continuation.m.r^ of apphca- inflammation of the mediators of inflammation and pain 
don Sen No, 643,727 filed Jan. 18. 1991, now aban- reduction of those neutrophilic derivatives 

doned. which is a continuation-in-part of application ^jjj^j^ ^^j, ^^^^g damage to the growth of new tissue 
Sen No, 598,241 filed Oct. 16. 1990, of Lezdey et al. during the healing process. 

now abandoned, and application Sen No. 591.630 filed iq Alpha 1-antichymotrypsin is a plasma protease inhibi- 
Oct. 2, 1990, now U.S. Pat. No. 5,114,917, which is a tor synthesized in the liven It is a single glycopeptide 
continuation-in-part of application Sen No, 445,005 chain of appro^qmately 68,000 daltons and belongs to a 
filed Dec. 4, 1989, now U.S. Pat. No, 5,008,242, which class of serine protease inhibitors with an apparent affm- 
is a continuation-in-part of application Ser. No. 242,735 ity toward chymotrypsin-like enzymes. Alpha 1-anti- 
filed Sep. 9, 1988, now abandoned, and application Sen IS chymotrypsin is structurally related to alpha 1-antitryp- 
No. 181,707 filed Apr. 14, 1988, now abandoned, which sin, 

are continuations-in-part of application Sen No. 946,445 Alpha 2-macroglobulin is a glycoprotein containing 
filed Dec. 24, 1986, now abandoned. 8-11% carbohydrate which can be isolated from plasma 

by gel filtration chromatography. 
FIELD OF THE INVENTION 20 Alpha 1 -proteinase inhibitor (alpha l-antitrypsin) is a 

The present invention relates to a method and com- glycoprotein having a molecular weight of 53,000 de- 
position for treating mammals afflicted with non-bron- termined by sedimentation equilibrium centrifugation. 
chial mast cell implicated disease. More particularly. The glycoprotein consists of a single polypeptide chain 
the present invention relates to the treatment of certain i° which several oligosaccharide units are covalent ly 
mast cell implicated non-bronchial diseases, paniculariy ^ 1^"^^^' ^J^'"^" alpha- 1 -proteinase inhibitor has a role 
inflammatory conditions in patients, by administering comrolhng tissue destruction by endogenous senne 

serine protease inhibitors, their analogs, salts or deriva- ?Twl''^\^ if f^'^^l f fif f ^ ^^'T^J^ 
•l 1 1 J J * - 1 inhibitor, which accounts for 90% of the trypsm inhibi- 

tory capacity in blood plasma, has been shown to be 
tions for treating the symptoms of mnammatory skin 3^ ^^^^{^^ ^^e premature development of pulmo- 
conditions^ The inhibitors bmd with mast cell and/or emphysema. The degradation of elastin associated 

T-cell mediators. ^^jj emphysema probably results from a local imbal- 

BACKGROUND OF THE INVENTION of elastolytic enzymes and the naturally occurring 

tissue and plasma proteinase inhibitors. Alpha-l-protei- 

Prior to the present invention it was generally be- 35 ^^^^ inhibitor inhibits human pancreatic and leukocyte 

lieved that serine protease inhibitors could be used only elastases. See Pannell et al, Biochemistry. 13. 5339 

to supplement a deficiency occurring as a result of a (1974); Johnson et al, Biochem. Biophys. Res. Com- 

genetic defect or a chemically produced deficiency mun,, 72 33 (1976); Del Mar et al, Biochem. Biophys. 

resulting from an event such as smoking. Moreover, no Res. Commun., 88, 346 (1979); and Heimburger et al, 

consideration was previously given for directly control- 40 Proc. Int. Res, Conf. Proteinase Inhibitors. 1st, 1-21 

ling diseases in which mast cells are implicated by ad- (1970). 

ministering serine protease inhibitors when serum levels The article of Groutas entitled ''Inhibitors of Leuko- 

of proteases or protease inhibitors are nonnal. Mast cyte Elastase and Leukocyte Cathepsin G Agents for 

cells have been found to be implicated in diseases and the Treatment of Emphysema and Related Ailments" 

events such as allergic and non-allergic rhinitis, nasal 45 medical Research Reviews, Vol. 7, No. 7, 227-241 

polyposis, atopic dennatitis, including psoriasis, contact 0987), discloses the role of eglin, elastinal 1 and elasnin 

dennatitis, pancreatitis, emphysema, asthma, colitis, emphysema. 

Crohn's Disease, wound healing, cluster headaches, U.S. Pat. No. 4,916,117 to Lezdey et al discloses the 

coronary artery spasm, etc. treatment of pulmonary inflammation with microcrys- 

The role of mast cells in humans is the same as in ^ ^""^ alpha- 1-antichymotrypsin. 

animals. In addition, animals contain counterparts to It is understood that the term ;*^e protease inW^^^ 

human a- 1-antichymotrypsin, a-l-antitrypsin, and as used herem refers to the inhibitors denved from 

other serine protease inhibitors. In fact, it has been « source and the corr^pondmg recombinant 

shown that human a-l-antitrypsin will bind with animal Pj^f,^^^^ glycosylated or non- 

mast cells and the mediators derived therefrom. Eyy 

Inflammation is a non-specific response of tissues to SUMMARY OF THE INVENTION 

divc«e stimuli or insults and results in release of a van- invention relates to a method for treating 

cty of matenals at the site of mfiammation that induce non-bronchial inflammatory conditions in paticiits by 

pam. It is now recognized that mast ceUs are implicated ^ the administration of serine protease inhibitors, their 

in the pathophysiology of mfiammatory skin conditions analogs, salts or derivatives which alone or in combina- 

as wcU as in other physiological disorders. Mast cells tion with one or more other serine protease inhibitors 

pro>adc the greatest source of histamines in acute in- which have a specific activity for mast cells or the pro- 

flammation. Mast cells have also been noted in hyper- teases derived therefrom such as cathepsin«G, elastase, 

tropic scars. 65 human mast cell chymase, kinins or their precursors in 

Eosinophils, basophils and neutrophils are pronunent a suitable pharmaceutical composition, 

in inflammatory lesions due to the potent chemoattract- Serine protease inhibitors have been found to play a 

ants released by mast cells. major role in the direct inactivation of the mediators of 
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inflammation so that the normal wound healing process those which are induced by autoimmune disease, virus 

can be accelerated without interference from the excess and bacterial infections. The serine protease inhibitors 

of materials released at the site of inflammation. TTie have also been found to cause vasoconstriction, which 

almost immediate disappearance of pain and itch indi- in inflammation, decreases swelling and redness and to 

cates that there can be a control of the kinins as well. A 5 eliminate pain and itching. This feature is especially 

cocktail of serine protease inhibitors would therefore be useful in bums and atopic dermatitis, 

useful to deactivate those mediators of inflammation Alpha 1 -antitrypsin has also been found especially 

which may not yet be recognized or are found in associ- ^fuj the treatment of topical inflammatory condi- 

ation with a particular disease. ^^^^^ because of its association with elastase. Alpha 

As presently found, serine protease inhibitors are 10 i^titrypsin inhibits glycosylation enhancing factor 

useful m the treatment of bum patients which not only /Q£pj from T^Ils so as to prevent degranulation of 

experience pain and itch but have a problem in control- ^^^^ ^g^^ ^y IgE. However, it is preferably used in 

Img the laydown of organized collagen because of elas- combination with alpha l-antichymotrypsin which 

tase and cathepsm G; senne protease mhibitors pemut basophils to inhibit histamine release, 

therapid grov^h of nonnal skm, 1-antitrypsin and alpha l-antichymotryp- 

The admmistra ion of senne protease mhibitors ap- ^ ^^^^ ^ combination control the release of hista- 
pears to be a viable alternative to the administration of 

steroids to reduce inflammation and to treat inflamma- , r .t. • j i 
tory skin conditions not treatable with steroids or re- . ^"^^^ ^^.^^ °^^>;.^ .P^^P^^^. 
duce the steriod requirement. 20 conventional techmques utilizmg an ohgonucle- 
It has now been found that controlling the amount of ^^'^^ P^^^e or antibody probe, and the hke. The recom- 
the destmctive enzymes at the site of inflammation can ^'^^^ S^ne product of the mvention is especially useful 
prevent proliferation of the disease, prevent associated ^ince it is free of contaminating viruses when produced, 
tissue damage and promote healing. It has also been The analogs, salts and denvatives may be formed 
found that the administration of serine protease inhibi- 25 utilizing conventional techniques associated with other 
tors which inactivate destructive proteases alone pro- proteins without effecting the utility of the compound, 
vide a major control of the symptoms of the disease or There may be prepared the alkali metal salts, acid-addi- 
bums. However, since the cause of disease may be a tion salts, and esters similar to other proteins or pep- 
result of more than one factors, the use of more than one tides. 

protease inhibitor provides a better chance of success 30 Some inflammation conditions are not immediately 
for early remission of the symptoms and for a prophy- identiflable as to source and the factors which are in- 
lactic control of the symptoms associated with the dis- volved to produce the difTerent symptoms are not 
ease. Serine protease inhibitors, for example, alpha 2- readily apparent. Therefore, it is desirable to administer 
macroglobulin, alpha 1-antichymotrypsin and C-reac- in some case a combination or cocktail of serine prote- 
tive protein (CRP), when administered to the site of 3S ase inhibitors to provide a broad spectrum of drugs 
inflammation provides a reduction in swelling, pain and which can provide rapid relief of the diflerent symp- 
stiffness. toms of inflammation. The most effective combination 

For chronic cases of demiatitis, a cocktail of protease is alpha 1-antichymotrypsin and alpha 1-antitrypsin 

inhibitors is preferably administered at the site of in- and/or alpha 2*macroglobulin. Preferably, the combi- 

flammation. The treatment can be followed with the 40 nation is administered in a ratio of 1:1:1: to 3:2:1: either 

addition of an appropriate steroid or antibiotic. „, a single unit or in separate dosage form. 

The serine protease inhibitors which are contem- when topically applied, a serine protease inhibitor 

plated in the present mvention are any of the inhibitors, such as alpha 1-antitrypsin in suitable composition forai 

their analogs, derivatives or salts which can inhibit mast ^^f^^ ^ treatment of bums and inflammatory skin 

cells or bind with any one or more of the protease de- 45 ^j^g^^ ^^^y^ ^ psoriasis, eczema, acne, and the like. It 

nved from eosinophils, basophils and/or neutrophils ^as been demonstrated that treatment with alpha 1-anti- 

such as elastase, cathepsin-G, tryptase, chymase. kmms, chymotrypsin together with al -antitrypsin has reduced 

kallikrem, tumor necrosis factor, chymotrypsin. coUa- when applied to skin lesions. 

senase. and the like. ^ ^ i- • j • « . 

* ^ ' . ^ , , • 1 J J ■ . The use of a non-aqueous lipid miscible earner, for 

The senne protease inhibitors mcluded m the present 50 , , j *i. i- 

invention are alpha 1-antichymotrypsin. alpha 1 -anti- f^^^Pl^' ^ P^^P^^,^ "^'^ liposomes are particu- 
trypsin. alpha 2-macroglobulin. alpha 2-aktiplasmin, l^riy advantageous smce they provided miproved activ- 
clastinal 1. elasnin 3, C-reactive protein, beta 1-antigel- ^'^^ treatment sites. 

lagenase. serine amyloid A protein, alpha cysteine pro- J^^, compositions of the mvention are preferably 
tease inhibitors, inter-alpha-trypsin inhibitor, secretory 55 admmistered to patients showing an incre^e in IgE 
leucocyte protease inhibitor, bronchial mucous inhibi- through a patch or semm test. That is, the patient shows 
tor, and C-1 -inhibitor. The inhibitors of the invention * posiuve allergic condition. 

may be natural or prepared by recombinant means. ^t is therefore an object of the mvention to provide an 

Alpha 2-antiplasmin is a single-chain glycoprotein antiinflammatory composition which can relieve the 
containing 11% carbohydrate, and asparagine and leu- 60 swelling and redness associated with inflammatory con- 
cine as the amino temiinal residues. This enzyme has a ditions in humans and animals. 

molecular wdght of about 65.000 to 70,000. This inhibi- It is a further object of the invention to provide an 
tor can inactivate Kallikrein, chymotrypsin antiinflammatory composition which is well tolerated 
(Kass= l .Ox 10^ 1 sec-^0> plasmin, Factor Xa and by the human body and is free of side effects, and for its 
Factor XIa. 65 counterparts for animal use. 

The use of alpha 1-antitrypsin and alpha 1-antichymo- It is a yet still further object of the invention to pro- 
trypsin have been especially useful in the treatment of vide a method and a composition for treating inflamma- 
the various inflammatory skin conditions including tory skin conditions. 
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DETAILED DESCRIPTION OF THE PRESENT 

INVENTION 

The objects of the present invention can be achieved 
by the administration of serine protease inhibitors alone 
or in combination in a suitable pharmaceutical form to 
patients suffering from non-bronchial inflammatory 
conditions which are associated with mast cell impli- 
cated diseases and which includes bums. 

The present invention provides a pharmaceutical 
composition which comprises a compound of this in- 
vention and a pharmaceutically acceptable carrier. The 
compound may be used alone or in combination with 
other serine protease inhibitors to provide a broad spec- 
trum of treatment. 

In the treatment of bums, a 20% solution of a serine 
protease inhibitor such as a 1 -antitrypsin, alone or in 
combination with other serine protease inhibitors, in 
sterile water or saline solution, may be sprayed on the 
patient or the bum area may be wrapped in wet ban- 
dages. A wound healing or skin growth factor may be 
included. The treatment provides immediate relief of 
pain. The patient may then be treated with the solution 
daily until the healing process is normal. Depending 
upon the severity of the bums, the patient may be fur- 
ther treated with other medications to prevent infec- 
tion. 

The following examples further illustrate the practice 30 
of this invention, but are not intended to be limiting 
thereof. It will be appreciated that the selection of ac- 
tual amounts of specific serine protease inhibitors to be 
administered to any individual patient (human or ani- 
mal) will fall within the discretion of the attending phy- 
sician and will be prescribed in a manner commensurate 
with the appropriate dosages will depend on the stage 
of the disease and like factors uniquely within the pur- 
view of the attending physician. 
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EXAMPLE I 

A topical cream was prepared as follows: 
A. The following mixture was prepared: 



45 



a, -antitrypsin 


1.0 g 


Olive oil 


5.0 g 


Cetanol 


2.0 g 


Stearic acid 


5.0 g 


Glycerin aUphatic 


12.0 g 


•cid ester 




Tween 60 


0.5 g 


B. The following mixture was also prepared: 


Propylene glycol 


0.5 g 


Methyl paraben 


0.1 g 


Propyl Paraben 


0.02 g 


Purified water 


to 100 g in total 
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The mixture of parts A and B were blended together 
by conventional means to give a total of 100 g. of 100% 
by weight topical cream which could be utilized for 
treatment of acne, eczema, psoriasis, or other inflamma- 65 
tory dermatological conditions. If desired secretory 
leucocyte protease inhibitor and/or alpha 2-macro- 
globulin may be added in an amount of 1.0 g to part A. 



EXAMPLE II 

An olegenous anhyrous ointment was prepared with 
the following composition: 



Composition 




a. 'antitrypsin 


1.0 


Soy phosfdiatide 


4.0 


Plastibase SOW 


94.975 


Butylated hydroxytoluene 


0.025 




loaoo 



If desired, in lieu of alpha 1 -antitrypsin as the active 
principal, there may utilized the combination of alpha 
1-antichymotrypsin and alpha 1 -antitrypsin. Other non- 
aqueous lipid miscible carriers may also be utilized. 
However, it is understood that other serine protease 
inhibitors can also be similarly formulated. 

EXAMPLE III 

1000 mg of PROLASTIN, a composition sold by 
Cutter Biological, Miles Inc., comprising about 70% 
a'-antitrypsin and about 10-18% a'-antichymotrypsin 
was dissolved in SO ml of saline solution. A patient 
suffering from atopic dermatitis with swelling and open 
lesions of the hand was treated by immersing the hand 
in the solution. Pain disappeared within 6-10 minutes of 
treatment. Treatment was continued for 1 hour. The 
redness and swelling disappeared after 1 hour. Twenty 
four hours after the treatment the lesions were healing 
without treatment with any other drugs. 

A similar composition was utilized as an otic wash for 
dogs with ear infections followed by tht administration 
of a steriod. 

EXAMPLE IV 

A suitable cream for topical use was prepared by 
admixing 43 g of PROLASTIN from Cutter Biological 
Laboratories, with 6 ml of water and 1000 g of a balm 
available under the trademark AQUAPHOR, sold by 
Beiesdorf Inc., Norwalk Conn, AQUAPHOR com- 
prises a mixture of petrolatum, xninerial oil, wax and 
wool wax alcohol. 

The cream is useful for minor irritations and in the 
treatment of inflammatory skin conditions. 

EXAMPLE V 

In the treatment of colitis a 20% solution with 
PROLASTIN may be prepared and administered as an 
enema. 

A similar result will be found with an secretory leu- 
cocyte protease inhibitor. 
We claim: 

1. A method for the treatment of non-bronchial mast 
cell implicated diseases or injury in mammals which 
comprises administering to the site of the disease or 
injury an effective amount of alpha 1 -antitrypsin, its salt 
or derivative which has an affinity to mast cells and/or 
their mediators and T-cell mediators. 

2. The method of claim 1 wherein said alpha 1 -anti- 
trypsin is recombinant. 

3. The method of claim 1 wherein said mast cell im- 
plicated disease is dermatitis or psoriasis and said alpha 
i-antitrypsin is administered topically. 

4. The method of claim 1 wherein said disease is 
colitis. 
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5. The 
animal. 

6. The 
human. 

7. The 
comprise 

8. The 
comprise 

9. The 
comprise 



method of claim 1 wherein said mammal is an 
method of claim 1 wherein said mammal is 

method of claim 1 wherein said mediators ^ 
neutrophils and eosinophils. 

method of claim 1 wherein said mediators 
cathepdn G and elastase. 

method of claim 1 wherein said mediators lo 
kinins. 



10. The method of claim 1 wherein said mammal has 
an elevated IgE level. 

11. The method of claim 1 wherein said disease is 
atopic dermatitis. 

liz. A method for inhibiting histamine release in a 
patient suffering from a mast cell implicated disease 
which comprises administering to said patient an effec- 
tive amount of alpha 1 -antitrypsin, its salts or deriva- 
tives which has an affinity to mast cells and/or their 
mediators and T-cells mediators. 
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COSMETIC COMPOSITIONS CONTAINING 
HUMAN TYPE SERINE PROTEASE 
INHIBITORS FOR REVITALIZING THE 

SKIN 

FIELD OF THE TNVENTTON 

The present invention relates to cosmetic compositions 
containing human type serine protease inhibitors. More 
particularly, there is provided cosmetic compositions con- 
taining anti-chymase, anti-tryptase and/or anti-el astase pro- 
tease inhibitors which improves or revitalizes atmosphere 
damaged skin including chapped lips, wind bum, sun burn 
and wrinkles resulting therefrom, as well as natural skin 
eruptions. 

BACKGROUND OF THE INVENTION 

Alpha l-antichymotrypsin is a plasma protease inhibitors 
synthesized in the liver. It is a single glycopeptide chain of 
approximately 68,000 daltons and belongs to a class of 
serine protease inhibitors with an apparent afiSnity toward 
chymotrypsin-like enzymes. Alpha 1-antichymotrypsin is 
structurally related to alpha 1 -antitrypsin. 

Alpha 2-macroglobulin is a glycoprotein containing 
8-11% carbohydrate which can be isolated from plasma by 
gel filtration chromatography. 

Alpha 1-proteinase inhibitor (alpha 1-antitrypsin) is a 
glycoprotein having a molecular weight of 53,000 deter- 
mined by sedimentation equilibrium centrifugation. The 
glycoprotein consists of a single polypeptide chain to which 
several oligosaccharide units are covalentiy bonded. Human 
alpha- 1 proteinase inhibitor has a role in controlling tissue 
destruction by endogenous serine proteinases. A genetic 
deficiency of alpha- 1 proteinase inhibitor, which accounts 
for 90% of the trypsin inhibitory capacity in blood plasma, 
has been shown to be associated with the premature devel- 
opment of pulmonary emphysema. The degradation of eias- 
tin associated with emphysema probably results from a local 
imbalance of elastolytic enzymes and the naturally occurring 
tissue and plasma proteinase inhibitors. Alpha-1 proteinase 
inhibitor inhibits human pancreatic and leukocyte eiastases. 
See Pannell et al, Biochemistry. 1 3, 5339 (1 974); Johnson et 
ai, Biochem, Biophys. Res. Commun., 72 33 (1976); Dei 
Mar et al, Biochem. Biophys. Res. Commun., and Heim- 
burger et al, Proc. Tnt. Res. Conf. Proteinase Inhibitors. 1st, 

1- 21 (1970). 

SUMMARY OF THE INVENTION 

The present invention provides a topical cosmetic com- 
position for improving or revitalizing the texture of skin or 
as a prophylactic against skin irritations or degradations. The 
composition is especially useful for treating skin damaged 
by the atmosphere such as sun damaged or wrinkled skin, 
chapped lips or skin on face and hands, and for treatment 
after a chemical peel, for example with a hydroxy glycoUic 
acid or to prevent skin eruptions. 

The human type serine protease inhibitors which can be 
used in the present invention include natural or recombinant 
alpha l-antitrypsin, alpha 1-antichymotrypsin, secretory leu- 
cocyte protease inhibitor (SLPI), alpha 2-macroglobulin, 
c-reactive protein, Cl-esterase inhibitor and alpha 

2- antiplasmin. The most preferred are alpha 1-antitrypsin 
and alpha 1-antichymotrypsin used alone or in combination. 

The wound heahng properties of alpha l-antitrypsin are 
helpful in cosmetic preparations which are intended to cover 
blemishes or skin eruption. 
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The compositions of the invention contain at least about 

0- 5 percent of the protease inhibitors. The amount of pro- 
tease inhibitor which generally can be used is about one 
percent by weight, preferably, about 1 to 10% by weight of 

5 composition. Greater amounts can be utilized but are not 
required to achieve the desired results. 

The compositions of the invention can be used in the form 
of a lotion, creme, gel or solution, depending on the use or 
treatment contemplated. The extract can be formulated into 
10 cosmetic compositions such as lipsticks, hand cremes, after 
sun compositions, and the like. 

The protease inhibitors can be used alone or with other 
skin treatment compounds such as aloe vera. 

It is a general object of the invention to provide a cosmetic 
composition which contains an effective amount of the 
protease inhibitor to improve the quality of the skin. 

It is another object to provide a cosmetic composition for 
treating sensitive sldns. 

20 It is yet another object to provide a topical composition 
which helps revitalize environmentally damaged skin. 

It is a still further object of the invention to provide a 
method for improving damaged skin and preventing its 
occurrence. 

25 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The present invention provides an improvement in cos- 
metic compositions by providing safe and natural chymase, 
tryptase and/or elastase inhibitors which are non-irritating to 
human skin. The anti-viral characteristic of alpha 

1- antitrypsin and SLPI are useful in compositions which can 
transmit viral infections from one user to another exposed to 
viral infection. 

35 

The favorable cosmetic activity of the protease inhibitors 
is believed to be the results of the chymase, tryptase and 
elastase inhibition by the protease inhibitors before or during 
inflammation. Also, the control of the elastase permits the 

40 laying down of new tissue without degradation resuhing 
from the presence of the combination of excess elastase and 
Cathcpsin G. After a chemical peel or removal of the upper 
dermal layer mechanically or naturally, the new tissue layer 
which is layed down is more resiUent and thereby reduces 

45 the wrinkles unless scarring or degradation occurs due to 
excess elastase or cathepsin G. In aging skin, the protease 
inhibitor appears to revitalize as well as soften the existing 
skin. 'Ilie compositions with the protease inhibitor have a 
prophylactic effect and reduce the incidence of skin erup- 
tions or inflammations as a result of the action against serine 
proteases or mast cell involvement. 

The compositions according to the invention may be 
presented in all forms normally used for topical application, 
in particular in the form of aqueous, aqueous-alcoholic or, 

55 oily solutions, or dispersions of the lotion or serum type, or 
anhydrous or lipophilic gels, or emulsions of liquid or 
semi-solid consistency of the milk type, obtained by dis> 
persing a fatty phase in an aqueous phase (O/W) or vice 
versa (W/O), or of suspensions or emulsions of soft, 

60 semi-solid consistency of the cream or gel type, or alterna- 
tively of microemulsions, of microcapsules, of micropar- 
ticles or of vesicular dispersions to the ionic and/or nonionic 
type. These compositions are prepared according to standard 
methods. 

65 They may also be used for the scalp in the form of 
aqueous, aqueous-alcoholic solutions, or in the form of 
creams, gels, emulsions or foams or alternatively in the form 
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of aerosol compositions also containing a propellent agent 
under pressure. 

The anaounts of the different constituents of the conapo- 
sitioDs according to the invention are those traditionally used 
in the cosmetic field. 

These compositions constitute, in particular, cleansing, 
protective, treatment or skin care creams for the face, hands, 
feet, major anatomical folds or the body (for example day 
creams, night creams, make-up removal creams, foundation 
creams, sun -protection creams), fluid foundations, make-up 
removal milks, protective or skin care body milks, after-sun 
milks, skin care lotions, gels or foams, such as cleansing or 
disinfecting lotions, batb compositions, deodorant 
compositions, aftershave gels or lotions, compositions for 
treating certain skin disorders such as those mentioned 
above. 

The sun can produce a series of lesions on the skin which 
can be precancerous (e.g. seborrheic, keratoses or actinic 
keratoses). 

The compositions according to the invention may also 
consist of solid preparations constituting cleansing bars or 
soaps. 

The compositions may also be packaged in the form of an 
aerosol composition containing a propellent agent under 
pressure. 

When the composition of the invention is an emulsion, the 
proportion of the fatly phase can range from 5% to 80% by 
weight, and preferably from 5% to 50% by weight, relative 
to the total weight of the composition. The oils, emulsifiers 
and coemulisifiers used in the composition in emulsion form 
are chosen from those traditionally used in the cosmetics. 
The emulsifier and the coemulsifier are present in the 
composition in a proportion ranging from 0.3% to 30% by 
weight, and preferably 0.5 to 30% or, belter still, from 0.5 to 
20%, by weight relative to the total weight of the compo- 
sition. The emulsion can, in addition, contain lipid vesicles. 

When the compositions of the invention is an oily gel or 
solution, the fatty phase can represent more than 90% of the 
total weight of the composition. 

In a known manner, the composition of the invention may 
also contain adjuvants which are customary in the 
cosmetics, such as hydrophilic or lipophilic gelling agents, 
hydrophilic or lipophilic active agents, preservatives, 
antioxidants, solvents, perfumes, fillers, screening agents, 
bactericides, odor absorbers and coloring matter. The 
amounts of these different adjuvants are those traditionally 
used in the cosmetic, or dermatological field, and are, for 
example, from 0.01% to 10% of the total weight of the 
composition. Those adjuvants, depending on their nature, 
may be introduced into the fatty phase, into the aqueous 
phase and/or into lipid spherules. 

As oils which can be used in the invention, mineral oils 
(liquid paraffin), vegetable oils (liquid fraction of shea 
butter, sunflower oil), animal oils (perhydrosquatene), syn- 
thetic oils (Purcellin oil), silicone oils (cyclomethicone) and 
fluorinaied oils (perfluoro polyethers) may be mentioned. 

Fatty alcohols, fatty acids (stearic acid) and waxes 
(paraffin, carnauba, beeswax) may also he used as fauy 
substances. 

As emulsifiers which can be used in the invention, glyc- 
erol stearate, polysorbate 60 and the PEG-6/P£G-32/glycol 
stearate mixture sold under the name Tefose® 63 by the 
company Gattefosse may be mentioned as examples. 

As hydrophilic gelling agents, carboxyvinyl polymers 
(carbomer), acrylic copolymers such as acrylate/ 
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alkylacrylate copolymers, polyacrylamides, polysaccharides 
such as hydroxypropylcellulose, clays and natural gums may 
be mentioned, and as lipophilic gelling agents, modified 
clays such as bentones, metal salts of fatty acids such as 
aluminum stearates and hydrophobic silica, or alternatively 
etbylcellulose and polyethylene may be mentioned. 

As hydrophilic active agents, proteins or protein 
hydrolysates, amino acids, polyols, urea, allanloin, sugars 
and sugar derivatives, water-soluble vitamins, starch and 
plant extracts, in particular those of Aloe vera may be used. 

As lipophilic active, agents, retinol (vitamin A) and its 
derivatives, tocopherol (vitamin E) and its derivatives, 
essential faUy acids, ceramides and essential oils may be 
used. These agents add extra moisturizing or skin softening 
features when utilized. 

The compositions of the invention may include other 
plant or herbal extracts. For example, there may be utilized 
extracts of Paraguay tea. Kola and Guarana, which provide 
a source of metbylxanthines, saponius, tannins and glyco- 
sides that have been shown to reduce swelling and redness. 
The extract of Paraguay tea is known as "Mate extract" and 
is described in the "International Cosmetic Ingredient 
Dictionary", 5th Edition. Mate extract is commercially 
available in combination with extracts of Kola and Guarana 
which is sold by Cosmetic Ingredient Resources of 
Stamford, Conn, under the trademark "OUENCHT." 

Each of mate extract, serine protease inhibitor and aloe 
vera extract are known to provide anti-inflammatory activ- 
ity The anti-elastase and anti-tryptase activity of the pro- 
tease inhibitor has been shown to provide a synergistic effect 
in treating skin inflammations including sun burn. 

A surfactant can be included in the composition so as to 
provide deeper penetration of the ingredients. Although 
natural surfactants are preferred, others such as isopropyl 
myristate can be used. 

U.S. Pat. Nos. 4,916,117; 5,215,965; 5,093,316; 5,217, 
951, which are herein incorporated by reference, disclose the 
anti-inflammatory characteristics of serine protease inhibi- 
tors. 

Alpha 1-antitrypsin and alpha 2-macroglobulin have been 
demonstrated as having anti-viral activity against a wide 
variety of viruses including HIV and Herpes Simplex. 

Since it is quite common that the same cosmetic compo- 
sitions are often utilized by more than one person so that 
disease can be spread, it is advantageous to provide a 
cosmetic composition which possesses anti-viral character- 
istics. This need exists in both lipsticks and eyeliners or eye 
shadows. 

The following examples illustrating the compositions of 
the invention are not intended to limit the scope of the 
invention. The amounts indicated are by weight percent 
unless otherwise noted. 

EXAMPLE 1 

A gel is prepared by admixing the following ingredients. 



Ingredient 



Wt % 



Carbomer 940 
Xantham gum 
Propylene glycol 
Dipropylene glycol 
Elhoxydiglycol 



4.in 

0.15 
51.94 
10.00 
15.00 
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-continued 


In g red ient 


Wt % 


Dimethylisosorbide 


10.00 


Aloe Vbra gel 


8.00 


Surfactant 


0.05 


Alpha 1-antitrypsin 


1.76 




100% 



Ingredient 



Wt % 



1. Propylene Glycol 51.94 

2. Qirbonier940 2.10 

3. Dipropylene glycol 10.00 

4. Xanthan gum 0.1 S 

5. Ethoxydiglycol 15.00 

6. Dimethylisosorbide 10.00 

7. Ascorbic Acid 2.00 

8. Chloroxylenol 0.20 

9. Linoleamidopropyl PG-dianunonium chloride phosphate l.SO 

10. Glyceretb 4.5 Lactate 2.00 

11. Aloe Vera Gel 2.00 

12. Alpha l-antitiypsin 2.00 

13. Tetrasodium EDTA 0.10 

14. Citric Acid 0.010 

15. Cocamidopropyl PG-dimonium chloride phosphate 1.00 



EXAMPLE 4 

An anti-wrinkle cream is prepared by mixing the follow- 
ing ingredients: 



10 



This composition is useful to reduce wrinkles or after a 
chemical skin peel. 

In lieu of alpha l-antitrypsin, alpha l-antichymotrypsin 
can be utilized alone or in combination with alpha is 
l-antitrypsin. 

EXAMPLE 2 

A gel is prepared by admixing the following ingredients: 
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Ingredient 


Wt % 


Glycerol stearale 


8.0 


PEG-100 stearate 


2.0 


Cetostearyl alcobol 


2.5 


Disodium EDTA 


0.1 


Methyl Paraben 


0.1 


Propylene glycol 


6.0 


Sorbitan stearate 


0.7 


Alpha l-antitrypsin 


2.5 


Aloe vera gel 


5.0 


Water 


13.5 




100% 


EXAMPLE 5 




An after-sun composition is prepared by admixing the 


following ingredients: 




Ingredient 


Wt% 


Carbomer 


2.80 


Propylene Glycol 


40.05 


Disodium EDTA 


1.10 


Methyl Paraben 


0.20 


Alpha l-antitrypsin 


2.00 


Alpha l-anlichymolrypsin 


2.00 


Mate extract 


0.35 


Aloe Vera Gel 


52.50 



100% 



Ingredients 1 and 2 are mixed to disperse and form a gel. 
About 80% of ingredient 3 is mixed with ingredient 4, added 
to the gel and slightly heated with admixture. The balance of 
3 is mixed with ingredients 5-10 and added to the gel. 
Ingredients 11-15 are then admixed and added to the gel at 
38 degrees C. After mixing, the gel is brought to room 
temperature. 

This gel composition can be used as an after-sun treat- 
ment. 

EXAMPLE 3 

A lotion is prepared by admixing the following ingredi- 
ents: 



Ingredient 


Wt % 


Propylene Glycol Stearate 


9.50 


Isoceiyl alcohol 


5.00 


PEO'100 Stearate 


1.20 


Water 


69.90 


Methyl paraben 


0.20 


Propylene glycol 


13.10 


Sorbitan palmitate 


0.60 


Alpha l-antitrypsin 


6.00 


Mate extract 


0.50 




100% 



The lotion can be used to treat chapped hands. 



EXAMPLE 6 

A solution according to the invention is prepared by 
admixing the following ingredients: 



Ingredient 


Wt % 


Ethoxy glycol 


15.00 


Propylene Glycol 


35.00 


Waler 


q.s. 


Disodium EDTA 


0.10 


Alpha l-antitrypsin 


4.50 


Aloe Vera Gel 


36.75 




100% 


EXAMPLE 7 




A shampoo is prepared by admixing the following ingre- 


dients: 





Ingredient Wt % 



C12-15 Pareth-7 Carboxylic Acid 10.0 
Isosteareth -6 Carboxylic Acid 5.0 
Hexylene Glycol 8.0 
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-continued 



Ingredient 


Wt % 


Chloroxyienol 


0.5 


Alpha 1 -antitrypsin 


2.0 


Mate Extract 


0.5 


Aloe Vera Gel 


2.0 


Na2 EDTA 


0.1 


Water 


71.9 




100% 



The shampoo is useful in the treatment of scalp inflam- 
mation or itch. 

The shampoo can be used for sensitive scalps which have 
sensations of purities, that is to say by itching or prickling 
to different factors such as inflammation triggered by local 
factors such as soaps, surfactants, erythema, and the like. 

EXPERIMENT 1 

5 adults over 50 years of age for one week were exposed 
to the summer sun, swam in a fresh water lake and did not 
utilize a sunscreen during the day. At the end of each day, 
each adult applied a commercial suntan lotion 
(Coppertone®) to one half of the face and to the other half 
applied the composition of Example 4. 

At the end of one week, the faces were examined. On each 
adult the part of the face which was treated with suntan 
lotion had a noticeable increase in wrinkles around the eyes 
and some erythema. The side of the face on which the 
composition of Example 4 was apphed had a reduction in the 
depth of the wrinkles, the skin was smoother and not 
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erythemous. The greater and more numerous the wrinkles 
before hand, the greater the visible effect of the treatment. 

After three weeks without the use of suntan lotion or the 
alpha 1 -antitrypsin composition, skin peeling occurred over 
a greater part of the face wherein suntan lotion was apphed. 

What is claimed is: 

1. A method for revitalizing skin and reducing wrinkles in 
the skin which comprises topically administering a compo- 
sition containing an effective amount of a human serine 
protease inhibitor to provide an anti-elastase, anti-<;hymase 
or anti-tryptase treatment to the skin and a suitable cosmetic 
carrier. 

2. The method of claim 1 wherein said composition 
contains at least 0.5 percent by weight of said protease 
inhibitor. 

3. The method of claim 2 wherein said composition 
contains about 1 to 10% by weight of said protease inhibitor. 

4. The method of claim 1 wherein said composition is in 
the form of a lotion, cream of gel. 

5. The method of claim 1 wherein said protease inhibitor 
is selected from the group consisting of alpha 1 -antitrypsin 
and secretory leucocyte protease inhibitor. 

6. The method of claim 5 wherein said protease inhibitor 
is alpha 1 -antitrypsin. 

7. The method of claim 1 wherein said carrier comprises 
aloe vera. 

8. A method for revitalizing human skin which has been 
subjected to a chemical peel which comprises topically 
administering an effective amount of alpha 1 -antitrypsin in 
a suitable cosmetic carrier to the site of the chemical peel. 
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Description 

Field of the Invention 

5 The present invention relates to the treatment of mammals afflicted with mast cell implicated disease. More partic- 
ularly, the present invention relates to the use of serine protease inhibitors, their analogs, salts or derivatives for the 
preparation of pharmaceutical compositions for the direct or prophylaxis treatment of certain mast cell Implicated dis- 
eases, particularly inflammatory conditions in patients. TTiere is particularly provided topical compositions for treating 
the symptoms of inflammatory skin conditions, compositions for treating pulnranary inflammation by inhalation therapy 

10 and compositions for treating allergic rhinitis. 

Background of the Invent'on 

Prior to the present invention it was generally believed that serine protease inhibitors could be used only to supple- 

15 ment a deficiency occurring as a result of a genetic defect or a chemically produced deficiency resulting from an event 
such as smoking. Moreover, no consideration was previously given for directly controlling diseases in which mast cells 
are inrplicated by administering serine protease inhibitors when serum levels of proteases or protease inhibitors are 
normal. Mast cells have been found to be implicated in diseases and events such as allergic and non-allergic rhinitis, 
nasal polyposis, atopic dermatitis, including psoriasis, contact dermatitis, pancreatitis, emphysema, asthma, colitis, 

20 Crohn's Disease, wound healing, duster headaches, coronary artery spasm, rheumatoid arthritis etc. 

Inflammation is a non-specific response of tissues to diverse stimuli or insults and results in release of a variety of 
materials at the she of inflammation that induce pain. It is now recognized that mast cells are implicated in the patho- 
physiology of inflammatory skin conditions as well as in other physiological disorders. Mast cells provide the greatest 
source of histamines in acute inflammation. Mast cells have also been noted in hypertropic scars. 

25 It is now recognized that in a certain injury or a disease neutrophils, mast cells, T-cells and their mediators induce 
an inflammatory state resulting in a localized imbalance of elevated serine proteases with a concominant deficiency of 
their naturally occurring inhibitors despite normal serine protease inhibitor serum levels. Mast cells are critical in recruit- 
ing the cells (eosinophils, basophils and neutrophils) involved in the late phase reaction (LPR). Mast ceil and neu- 
trophile mediators appear to have a central role in the LPR. Monocytes through the release of cytokines, interleukfn - 

30 1 ,6 and tumor necrosis ^ctor further amplify the LPR. Platelet activating ^ctor, a mediator from mast cells, neutrophils 
and platelets is a potent bronchoconstrictor. Histamines are also released by the degranulation of mast cells as well as 
leukotriene T4 {LTB4) which play an important role in asthma. IgE upon activation by an antagonist causes degranula- 
tion of mast cells. Alpha 1 -antitrypsin inhibits the mediators of mast cells and neutrophils, and also regulates IgE bio- 
synthesis. The T-cell iymphokine glycosyiation enhancing factor (GEF) is a serine protease that has been shown to 

35 enhance IgE response. The serine protease inhibitors decrease mast cell mediator release by inhibiting local IgE bio- 
synthesis and T-cell Iymphokine production. Serine proteases not only activate kinins and complements but also medi- 
ate tissue necrosis. The serine proteases, elastase and cathepsin G, have been shown to stimulate the production of 
platelet activating factor and LTB4. 

Eosinophils and neutrophils are prominent in inflammatory lesions due to the potent chemoattractants released by 

40 mast cells. 

Neutrophils are a main source of serine elastase and cathepsin G which are important in the tissue damage of 
inflammation, especially in rheumatoid arthritis. 

The most direct approach to therapy of inflammatory skin conditions appears to be a direct attack at the site of 
inflammation of the mediators of inflammation and pain and the reduction of those neutrophilic derivatives which can 
45 cause damage to the growth of new tissue during the healing process. 

Alpha 2-macroglobulin is a glycoprotein containing 8-1 1% cart)ohydrate which can be isolated from plasma by gel 
filtration chromatography. 

Alpha 1 -proteinase inhibitor (alpha 1 -antitrypsin) is a glycoprotein having a molecular weight of 53.000 determined 
by sedimentation equilibrium centrifugation. The glycoprotein consists of a single polypeptide chain to which several oli- 

50 gosaccharide units are covaiently bonded. Human alpha 1 -proteinase Inhibitor has a role in controlling tissue destruc- 
tion by endogenous serine proteinases. A genetic deficiency of alpha-1 -proteinase inhibitor, which accounts for 90% of 
the trypsin inhibitory capacity in blood plasma, has been shown to be associated with the premature development of 
pulmonary emphysema. The degradation of elastin associated with emphysema probably results from a k)cal imbal- 
ance of elastolytic enzymes and the naturally occurring tissue and plasma proteinase inhibitors. Alpha-1-proteinase 

55 inhibitor inhibits human pancreatic and leukocyte elastases. See Pannell et al, Biochemistry 1 3, 5339 (1 974); Johnson 
et al, Biochem. Biophys. Res. Commun.. 72 33 (1976); Del Mar et al. Biochem. Biophys. Res. Commun.. 88, 346 
(1979); and Heimburger etal, Proc. Int. Res. Conf. Proteinase Inhibitors. 1st, 1-21 (1970). 

The article of Groutas entitled "Inhibitors of Leukocyte Elastase and Leukocyte Cathepsin G Agents for the Treat- 
ment of Emphysema and Related Ailments" medical Research Reviews. Vol. 7. No. 7, 227-241 (1987), diseases the 
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role of eglin. elastinal 1 and elasnin in emphysema. 

US. Pat. No. 4.732.973 to Barr et al discloses typical analogs of serine protease inliibitors wliicli may be used in 
the present invention. 

U.S. Patent No. 4,91 6, 11 7 to Lezdey et al discloses the treatment of pulmonary inflammation with microcrystalline 
5 alpha-1-antichymotrypsin. 

S.C. Dietze et al. in Biol. Chem. Hoppe-Seyler, vol. 371 . Suppl. pp 75-79 (May 1 990), see especially page 78, sug- 
gest that inhibitors of serine proteases with trypsin-IIke specificity have no effect on degranulation of and histamine 
release from mast cells. TTie prejudice expressed by this reference is overcome by the present invention. 

EP-A1-0 432 117 by the present inventors refers to the prophylaxis or direct treatment of inflammation by the 
10 administering of alpha 1 -antichymotrypsin. its salts or derivatives. In the compositions administered, alpha 1 -antitrypsin 
m^ also be present, but never without the simultaneous presence of the alpha 1 -antichymotrypsin. 

It Is understood that the term "serine protease inhibitors" as used herein refers to the inhibitors derived from a par- 
ticular species and inhibits the proteases of the same species. However, human serine protease Inhibitors may be used 
in veterinary products but not vice versa. 

15 

Summary of the invention 

The present invention relates to the use of alpha 1 -antitrypsin, secretory leucocyte protease inhibitor, C-reactive 
protein, serum amyloid A protein and/or alpha-2-nf)acroglobulin. their analogs, salts or derivatives which inhibit the 
20 degranulation of mast cells and/or have an affinity to the mediators of mast cells, for the preparation of a pharmaceutical 
composition for the treatment of diseases implicated by mast cells, neutrophils, T-cells and their mediators. 

The diseases especially contemplated are pulmonary diseases, such as cystic fibrosis, asthma or bronchitis, and 
skin diseases, such as eczema or psoriasis. 

In one preferred embodiment, the pharmaceutiocal composition is in the form of an aerosol composition for delivery 
25 in the form of microdroplets. This form is primarily intended for the treatment of pulmonary diseases. 

In another preferred embodiment, the pharmaceutical composition is in the form of a topical cream, primarily for the 
treatment of skin diseases. 

In a still further preferred embodiment, the pharmaceutical composition includes an effective amount of a corticos- 
teroKl. 

30 Serine protease inhibitors have been found to play a major role In the direct inactivation of the mediators of inflam- 
mation so that the normal wound healing process can be accelerated without interference from the excess of materials 

released at the site of inflammation. TTie almost immediate disappearance of pain and itch indicates that there can be 
a control of the kinins as well. A cocktail of serine protease Inhibitors would therefore be useful to deactivate those medi- 
ators of inflammation which may not yet be recognized but are found in association with a particular inf lammatay dis- 
35 ease. 

It is now recognized that in certain injuries or diseases, neutrophils, mast cells, T-cells and their mediators Induce 
an inflammatory state resulting in a localized imbalance of elevated serine protease with a concomitant deficiency of 
their naturally occurring inhibitors despite normal serine protease inhibitor serum levels. Mast cells are critical in recruit- 
ing the cells (eosinophils, basophils and neutrophils) involved in the late phase reaction (LPR). Mast cell and neutrophil 

40 mediators appear to have a central role in the LPR. Monocytes through the release of cytokines, interleukin -1,6 and 
tumor necroses tector further amplify the LPR. Platelet activating f£ictor. a mediator from mast cells, neutrophils and 
platelets is a potent bronchoconstrictor. Histamines are also released by the degranulation of mast cells as well as leu- 
kotriene T4 (LTB4) which play an important role in asthma. IgE upon activation by an antagonist causes degranulation 
of mast cells. Alpha 1 -antitrypsin inhibits the mediators of mast cells and neutrophils, and also regulates IgE biosynthe- 

45 sis. The T-cell lymphokine glycosylation enhancing factor (GEF) is a serine protease that has been shown to enhance 
IgE response. By also inhibiting GEF there is a two level inhibition in the inflammatory cycle. The serine protease inhib- 
itors decrease mast cell mediator release by inhibiting local IgE biosynthesis and T-cell lymphokine production. Serine 
proteases not only activate kinins and complements but also mediate tissue necrosis. The serine proteases, elastase 
and cathepsin G, have been shown to stimulate the production of platelet activating factor and LTB4. 

50 As presently found, serine protease inhibitors are usefol in the treatment of burn patients which not only experience 
pain and itch but have a problem in controlling the laydown of organized collagen because of elastase and cathepsin 
G; serine protease inhibitors particularly alpha 1 -antitrypsin, permit the rapid growth of nornriai skin without degranula- 
tion. 

The administration of serine protease inhibitors appears to be a viable alternative to the administration of steroids 
55 to reduce inflammation and to treat inflammatory skin conditions not treatable with steroids or to reduce the steriod 
requirement. However, the combination with a cortiscosteroid has been found to provide a synergistic effect. 

It has now been found that controlling the amount of the destructive enzymes at the site of inflammation can pre- 
vent proliferation of the disease, prevent associated tissue damage and promote healing. It has also been found that 
the administration of serine protease inhibitors which inactivate destructive proteases alone provide a major control of 
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the symptoms of the disease or burns. However, since the cause of disease may be a result of more than one factors, 
the use of more than one protease inhibitor provides a better chance of success for early remission of the symptoms 
and for a prophylactic control of the symptoms associated with the disease. Serine protease inhibitors, for example, 
alpha 2'macroglobulin and C-reactive protein (CRP), when administered to the site of inflammation provides a reduc- 
5 tion in swelling, pain and stiffness. 

For chronic cases of dermatitis, a cod^il of serine protease inhibitors is preferably administered at the site of 
inflammation. The treatment can be followed with the addition of an appropriate steroid or antibiotic. There is a syner- 
gistic effect when the serine protease inhibitor is used in combination with a corticosteroid. 

Among the corticosteroids which may be used in the present invention are triamcinolone acetonide, flurandreno- 
10 tide, prednisone, amcinonide, dexamethasone, betamethasone valerate, halocinonide, clocortofone. hydrocortisone 
valerate, and the like. 

Serine protease inhibitors have been found to play a major role in the direct inactlvatlon of the mediators of inflam- 
mation so that the normal wound healing process can be accelerated without interference from the excess of materials 
released at the site of inflammation. TTie almost immediate disappearance of pain and itch indicates that there can be 
15 a control of the Kinins as well. Serine protease inhibitors, their analogs, salts or derivatives, appears to provide the 
quickest healing of psoriatic lesions when used in combination with a corticosteroid. 

As presently found, serine protease inhibitors are useful in the treatment of chronic psoriasis patients which not 
only experience pain and itch but have a problem in controlling the laydown of organized collagen because of elastase 
and cathepsin G; serine protease inhibitors permit healing and the growth of normal skin. The presence of the steroids 
20 enhance the healing and promote a more rapid skin growth which is initiated by the serine protease inhibitors. 

The serine protease inhibitors which are contemplated in the present invention are any of the inhibitors, their ana- 
logs, derivatives or salts of the human type which can mh\b\\ mast cells or bind with any one or more of the protease 
derived from eosinophils, basophils and/or neutrophils such as elastase. cathepsln-G. tryptase. chymase, kinins, kal- 
likrein. tumor necrosis factor, chymotrypsin. collagenase, inhibit IgE production and the like. 
25 The serine protease inhibitors included in the present invention are human alpha 1 -antitrypsin, alpha 2-macroglob- 
uiin, eglin, elastinal 1, elasnin 3, eglin 2, C-reactive protein, beta 1 -antigeilagenase, serum amyloid A protein, alpha 
cysteine protease inhibitors, inter-alpha-trypsin inhibitor, secretory leucocyte protease inhibitor, bronchial mucous 
inhibitor, and C-1 -inhibitor. The inhibitors of the invention may be natural a prepared by recombinant means. The 
recombinant may be glycosylated. 
30 TTie use of alpha 1 -antitrypsin has been especially useful in the treatment of the various inflammatory skin condi- 
tions including those which are induced by autoimmune disease, virus and bacterial infections. The serine protease 
inhibitors have also been found to cause vasoconstriction, which in inflammation, deaeases swelling and redness and 
to eliminate pain and itching. This feature is especially useful in burns and atopic dermatitis. 

Alpha 1 -antitrypsin has also been found especially useful in the treatment of bronchial and topical inflammatory 
35 conditions because of its association with elastase. 

The drugs of the invention may be derived from human blood or prepared by cloning, by conventional techniques 
utilizing an oligonucleotide probe or antibody probe, and the like. The recombinant gene product of the invention is 
especially useful since it is free of contaminating viruses when produced. 

The analogs, salts and derivatives may be formed utilizing conventional techniques associated with other proteins 
40 without effecting the utility of the compound. There may be prepared the alkali metal salts, acid-addition salts, and 
esters similar to other proteins or peptides. 

Some inflammation conditions are not immediately identifiable as to source and the factors which are involved to 
produce the different symptoms are not readily apparent. Therefore, it is desirable to administer in some case a combi- 
nation or cocktail of serine protease inhibitors to provide a broad spectrum of drugs which can provide rapid relief of the 
45 different symptoms of inflammation. The most effective combination is alpha 1 -antitrypsin and alpha 2-macrogloburm. 
Preferably, the combination is administered in a ratio of 1 :1 : to 2:1 : either in a single unit or in separate dosage form. 

When topically applied, a serine protease inhibitor such as alpha 1-antitrypsin in suitable composition form Is useful 
in the treatment of burns and inflammatory skin diseases such as psoriasis, eczema, acne, and the like. 

The use of a non-aqueous lipid miscible carrier, for example, such as prepared with liposomes are particularly 
so advantageous since they provided improved activity at the treatment sites. 

The compositions of the invention are preferably administered to patients shoving an increase in IgE through a 
patch or serum test. That is, the patient shows a positive allergic condition. These allergic patients having astiima 
respond quickly to therapy witii alpha 1 -antitrypsin when administered by inhalation form. 

The present invention also provides a metiiod for tiie prophylactic and direct treatment of patients suffering from 
55 allergic rhinitis and the symptoms thereof. In accordance with the invention, there is nasally administered to the patient 
an effective amount of a serine protease inhibitor, its analog, derivative or salt in a suitable pharmaceutically acceptable 
carrier. The serine protease inhibitors, analog, derivative or salt is one which is capable of binding witii a protease in 
pollen, a protease derived from mast cells, neutrophils or T-celis or decreasing the degranulation of mast cells by inhib- 
iting antagonists such as GEF. 
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Preferably, the serine protease rnhibitor is administered in an aqueous solution comprising 0.1 to 4.5% by weight 
of the inhibitor. A greater amount can be used but is generally not required. 

The serine protease inhibitor binds with a stimulator of IgE synthesis or an inflammatory mediator of mast cell 
degranulation. These inhibitors further prevent protease from activating complement and kinins which cause the dis- 
5 comfrture associated with the disease. 

The term "allergic rhinitis" is understood to include rhinitis medicamentosa, rhinitis sicca and atrophic rhinitis. Pref- 
erable are the serine protease Inhibitors which have a specific inhibiting activity of mast cells and binding with the pro- 
teases derived therefrom such as cathepsin-G. elastase, human mast cell chymase, Kinins, and the like. The inhibiting 
activity may be direct or indirect. It has now been found that controlling the amount of mast cells and their mediators 
10 inherently controls the amount of the enzymes at the site of inflammation and presents proliferation of the condition. 
Serine protease inhibitors or acute phase reactants. when administered to the site of inflammation provides a reduction 
In swelling of the sinuses. 

In the treatment of burns, a 20% solution of a serine protease inhibitor such as a 1 -antitrypsin, alone or in combi- 
nation with other serine protease inhibitors, in sterile water or saline solution, may be sprayed on the patient or the burn 

15 area may be wrapped in wet bandages. A wound healing or skin growth factor may be included. The treatment provides 
immediate relief of pain. The patient may then be treated with the solution daily until the healing process is normal. 
Depending upon the severity of the burns, the patient may be further treated with other medications to prevent Infection. 

The treatment of rtieumatoid arthrlstis can be performed by injection and/or by topical application such as utilizing 
an occlusive dressing and an aqueous composition of the drug. 

20 The following examples further illustrate the practice of this Invention, but are not intended to be limiting thereof. It 
will be appreciated that the selection of actual amounts of specific serine protease inhibitors to be administered to any 
individual patient (human or animal) will fall within the discretion of the attending physician and will be prescribed in a 
manner commensurate with the appropriate dosages will depend on the stage of the disease and like Actors unk:|uely 
within the purview of the attending physician. 

25 

EXAMPLE 1 

A topical cream was prepared as follows: 
30 A. The following mixture was prepared: 



a-i -antitrypsin 


1.0 g 


Olive oil 


5.0 g 


Cetanol 


2,0 g 


Stearic acid 


5.0 g 


Glycerin aliphatic add ester 


12.0 g 


Tween 60 


0.5 g 



B. The following mixture was also prepared: 

46 





Propylene glycol 


0.5 g 




Methyl paraben 


0.1 g 


50 


Propyl paraben 


0.02 g 




Purified water 


to 100 g 



in total 

The mixture of parts A and B were blended together by conventional means to give a total of 100 g. of 100% by 
weight topical cream which could be utilized for treatment of acne, eczema, psoriasis, or other inflammatory dermato- 
logical conditions. If desired secretory leucocyte protease inhibitor and/or alpha 2-macroglobulin as well as a corticos- 
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teroki may be added in an amount of 1 .0 g to part A. 

EXAMPLE II 

5 An olaglnous anhydrous ointment \fvas prepared witli tlie following composition: 



Composition 


% 


ai -antitrypsin 


1.0 


Soy phosphatide 


4.0 


Plastibase 50W 


94.975 


Butylated hydroxytoluene 


0-025 




100.00 



other non-aqueous lipid miscible carriers may also be utilized. The composition may be used in combination with 
20 a topical corticosteroid. 

Example III 

In the treatment of colitis a 20% solution with alpha 1 -antitrypsin may be prepared and administered as an enema. 
25 A similar result will be found with an secretory leucocyte protease inhibitor. 

Example IV 

Microcrystalline alpha-1 -antitrypsin is suspended in oleic acid and added into a metering aerosol cannister 
30 together with trichloromonofluoromethane and dichlorodifluoromethane so that the unit has a molecular proportion of 
alpha-1 -antitrypsin to the propellent between 3:1 and 3:2. The unit delivers a quantity of drug equivalent to 42 meg. The 
composition can be used in the treatment of asthma. 

Example V 

35 

Microaystalllne alpha-1 -antitrypsin and alpha-1 -antitrypsin is suspended in oleic acid and added into a metering 
aerosol cannister together with trichloromonof luoramethane and dichlorodifluoromethane so that the unit has a molec- 
ular proportion of drug to the propellant between 3:1 and 3:2. 

40 Example VI 

A composition for use in treating allergic rhinitis was prepared from the following ingredients. 



Ingredient 


% 




wt 


-antitrypsin 


0.1 


10% saline solution 


99,8 


antioxidant 


0.1 



55 Example VII 

A pilot study was performed which consisted of a non-blinded trial using a^PI at a concentration of 20mg/ml in an 
aqueous solution in an alternate day schedule in conjunction with a 1% cream of ai-PI (Stage I) and a 5% cream of ai- 
PI for maintenance ttierapy (Stage II). Prior to enrollment in this trial all 6 patients failed to respond to high potency top- 
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ical steroids. Safety was gauged by careful clinical monitoririg of subjective oomplairTts, objective findings of erythema, 
edema and serial measurements of blood chemistries and complete blood counts. Wound healing was documented by 
serial photography. Written informed consent was obtained from each patient. 

All six patients showed significant clinical improvement within 6 to 21 days of initiation of alternate-day therapy 
Pi stopped pain, pruritis and promoted tissue healing without scarring in all six patients. No adverse side effects of ther- 
apy were documented by dfnical history, physical exam or by bfood studies after 120 days of therapy The results is 
seen in Table 1. 



V) 

O. flJ 
a 

— » IB 
V QC 

QC 


° 


• 1 =^s^^aBaB:=^ggs= 
o o 


o 


** X 

V *x V Q. 
C7> ^ O O 
10 C C 1- 
•— m 01 
tA n C. JZ 


5X cream 
for 60 
days 

5X cream & 

steroid 
(topical) 
47 days 

No Therapy 
40 days 


SX cream 

21 days 

5Z cream • 
steroid 35 
days 

No therapy 
50 days 


Ko Therapy 
90 days 


















Therapy 

Response 

rime 


ipain L 
Pruri t i s 
30 Minutes 
trange of 
mot ion 
24 hours 
reepi th = 

Day 3 
ulcer heals 

Day U 


ipain L 
pruri t is 
30 Minutes 
Trange of 
motion 24 
hours 

Oenude/Exfo 
Day 3 

Ulcer heal= 
Day 30 


«f 

lA *^ 

*^ C t- rsi 

C rvj CO It «- 

4 3 C >. &L 1- 

ttfO -« o < z o 


Lgth of 
Aqeous 
al-Pi 
Therapy 


*A 
>. 
<0 

"O 

«n 
•a 


3 


M 
>. 
<0 


Duration of 
Illness/ 
Previous 
Therapy 


4 years 
Oral Prednisone 
IM ICenalog 
High Potency 
Top. Steroids 
Antibiotics 
Antipruritics 
Moisturizer 


5 years 
Oral Prednisone 
IM Kenalog High 
Potency Top. 
Steroids 
Antibiotics Coal 
Tor Preps 
Ant ipurui tics 
Moisturizers 


3 years 
Oral Prednisone 
IH Kenalog 
Antipruri tics 
High Potency Top. 
Steroids 


CI inical 
Kani f est ions 


Digits and palms had 
erythematous, 
edematous, 
pruritic ulcerated 
and 

f isured Lesions. 
Open wounds 
were both weeping 
Bleeding. 
Antecubital and 
popl i teal 
fossae were 
eczematoid and 
Lichenif ied. 
Decreased r*nge 
of motion of hands. 


Digits and palms 
were 

bl istering, 
pruritic, oozing and 
bleeding. Decreased 
range of motion in 
both hands. Left 
hand had concomitant 
Lymphangitis with 
flares of her 
dermatitis. Mild 
blistering lesions 
of feet. 


Dorstxn of hand had 
blistering, Ueeping, 
erythematous, 
edematous end 
pruritic Lesions. 
Occasional 
involvement of chest 
end arms- Lesions 
would also go 
through cycles of 
c rust i ng . 


K 

cn M 


m 


36/F 


36/M 


• 

*•> 

a. 
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5X cream 
30 days 

No Topical 
Steroids 

No Therapy 
20 days 


SX cream 

No Topical 
Steroids 

No Therapy 
20 days 


SX cream t 
Topical 
Steroids 
40 days 


















































ipain & 
pruritis 
3 days 
icrythema 
day 4 
Normal 

* 

appearing 
skin day 6 


ipain I 
prur i t i s 
30 Minutes 
trange of 
motion 
24 hours 

ncd 1 cu s^in 

30 days 


ipain I 
prur i t i s 
4 days 
ierythema 
7 days 
fissures 
healed 
day 7 














42 days 




•5 

in 
1*1 














5 years 
Oral Prednisone 
Antipruritics 
High Potency, 
Topical Steroids 


10 years 
Oral Prednisone 
Moisturizers High 
Potency Topical 
Steroids 


fl years 
Oral Prednisone 
Moisturizers 
Coal Tar Preps 














Single Chronic 
Erythematous, 
Blistering, scalding 
and pruritic Lesion 
on right forearms. 


Left hand 
involvement with 
fissurfng, pruritis, 
scaling, minimal 
erythema and edema 
and decreased range 
of motion. 


Bilateral hrmd 
involvement with 
extensive disease to 
distal phaldriges: 
fissuririg, bleedif>g, 
painful and pruritic 
Lesions. Decreased 
range of motion of 
hands. 


• -Only lab data 
that falls ©(Jtside 
of normal limits is 
tabulated 
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>^ 
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32/M 


16/M 
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Claims 

1 . The use of alpha-1 -antitrypsin, secretory leucocyte protease inhibitor, C-reactive protein, serum amyloid A protein 
and/or alpha-2-macrogIobulin. their analogs, salts or derivatives which inhibit the degranulation of mast cells and/or 
have an affinity to the mediators of mast cells, for the preparation of a pharmaceutical composition for the treatment 
of diseases implicated by mast cells neutrophils, T-cells and their mediators. 
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2. The use according to claim 1. wherein said disease is a pulnx)nary disease. 

3. The use according to claim 2, wherein said pulmonary disease is characterized by elevated elastase level. 

5 4. The use according to any one of claims 1-3, wherein said pharmaceutical composition is an aerosol composition 
for delivery in the form of microdroplets. 

5. The use according to claim 1 , wherein said disease is a skin disease. 

10 6. The use according to claim 5, wherein said skin disease is eczema or psoriasis. 

7. The use according to any one of claims 1 , 5 or 6, wherein the pharmaceutical composition is a topical cream. 

8. The use according to any one of claims 1 -7. wherein an effective amount of a corticosteroid is included in the phar- 
15 maceutical composition. 

Patentanspriiche 

1. Verwendung von alpha 1 -Antitrypsin, sekretorischem Leukozyten-Proteaseinhibitor, C-reaktivem Protein. Serum- 
20 Amyloid A-Protein und/oder alpha 2-Makroglobulin, deren Analoga, Salzen oder Derivaten, die die Degranulierung 

von Mastzellen inhibieren und/oder eine Affinitdt fOr die Mediatoren von Mastzellen aufweisen, zur Herstellung 
einer pharmazeutischen Zusammenselzung fur die Behandlung von Erkrankungen. an denen Mastzellen, Neutro- 
phile. T-Zellen und deren Mediatoren beteiligt sind. 

25 2. Verwendung nach Anspruch 1 , worin die Erkrankung eine Lungenerkrankung ist. 

3. Venvendung nach Anspruch 1, worin die Lungenerkrankung durch einen erhOhten Elastase-Spiegel gekennzeich- 
net ist. 

30 4. Verwendung nach einem der AnsprOche 1 bis 3, worin die phannazeutische Zusammensetzung eine Aerosotzu- 
sammensetzung zur Verabreichung in Form von Mikrotrdpfchen ist 

5. Venvendung nach Anspruch 1 , worin die Erkrankung eine Hauterkrankung ist. 

35 6. Venvendung nach Anspruch 5, worin die Hauterkrankung Ekzem oder Psoriasis ist. 

7. Ven/vendung nach einem der Anspruche 1 , 5 oder 6, worin die pharmazeutische Zusammensetzung eine toplsche 
Creme ist. 

40 8. Verwendung nach einem der AnsprCiche 1 bis 7, wobei eine wirksame Menge eines Corticosteroids in der pharma- 
zeutischen Zusammensetzung enthalten ist. 

Revendicatlons 

45 1. Utilisation d' a-1-antitrypsine, d'un inhibiteur de leucocyte-prot^se s^r^toire, d'une prot^ine C-r6active, d'une 
prot^ine amyloTde As6rique et/ou d' a-2-macroglobuline. de leurs analogues, sels ou d^riv^s, qui inhibent la d^ra- 
nulation des mastocytes et/ou ont une affinity pour les m^iateurs des mastocytes, pour la proration d'une com- 
position pharmaceutique pour le traitement de maladies implicant les mastocytes. les neutrophiles, les cellules T 
et leurs m^iateurs. 

50 

2. Utilisation selon la revendication 1 , dans laquelle ladite maladie est une maladie pulnfK)naire. 

3. Utilisation selon la revendication 2, dans laquelle ladite maladie pulmonaire est caract6ris6e par un taux d'^lastase 
6lev§. 

55 

4. Utilisation selon I'une quelconque des revendicatlons 1-3, dans laquelle ladite composition pharmaceutique est 
une composition en aerosol pour une administration sous forme de microgouttelettes. 

5. Utilisation selon la revendication 1 , dans laquelle ladrte maladie est une maladie de peau. 
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Utilisation selon la revendication 5, dans laquelle ladite maladie de peau est I'ecz^ma ou le psoriasis. 



1^* I 



Utilisation seion Tune quelconque des revendications 1 . 5 ou 6. dans laquelle la composition pharmaceutique est 
une cr^me ^ usage local. 

Utilisation selon Tune quelconque des revendications 1 -7, dans laquelle une quantity eff icaoe d'un corticost^roTde 
est incorpor^e dans la composition pharmaceutique. 
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Treatment of atopic dermatitis with 
alphai -proteinase inhibitor 

Allan M. Wachter, MD and John Lezdey 



Alpharproteinase inhibitor (ayPI), a serine protease inhibitor, was tested for its efficacy for the treatment of recalci- 
trant atopic dermatitis. Atopic dermatitis affects both children and adults and has no established etiology. We 
hypothesized that during inflammation there is an excess of serine proteases and a deficiency of their naturally 
occurring inhibitors at the local site of tissue injury, even though there is a normal serum level of serine protease 
inhibitors. This pilot study consisted of a nonblinded trial using a\-PI at a concentration of 20 mg/mL in an aqueous 
solution in an alternate day schedule in conjunction with a 1% cream of a\-PI (Stage I) and a 5% cream of a\-P} for 
maintenance therapy (Stage II). Before enrollment in this trial all six patients failed to respond to high potency topical 
steroids. Safety was gauged by careful clinical monitoring of subjective complaints, objective findings of erythema, 
edema, and serial measurements of blood chemistries and complete blood counts. Wound healing was documented by 
serial photography. Written informed cofisent was obtained from each patient. All six patients showed significant 
clinical improvement within 6 to 21 days of initiation of alternate day therapy, Alphas-Pi stopped pain, pruritus, and 
promoted tissue healing without scarring in all six patients. No adverse side effects of therapy were documented by 
clinical history, physical examination, or by blood studies after J 20 days of therapy. Atopic dermatitis may be one 
example where inflammation is due to an imbalance of serine proteases and their naturally occurring inhibitors. We 
conclude that a\-PI at a concentration of 20 mg/mL, and as a 1% or 5% cream, is a safe and effective nonsteroidal 
antiinflammatory agent for the treatment of atopic dermatitis. 



INTRODUCTION 

Atopic dermatitis is characterized 
by pruritus, asteatosis, lichenifica- 
tion and an erythematous, papulo- 
vesicular rash that may develop into 
weeping wounds that undergo pe- 
riods of exacerbation and remis- 
sion.'"'* Current therapy is mainly 
symptomatic, consisting of either 
oral or topical steroids, antipruri- 
tics, coaJ tar preparations, UV light 
and food avoidance.'"* Steroids 
produce side effects that include 
skin atrophy, telangiectasia, pur- 
pura, striae and suppression of the 
hypothalamic- piluitaiy-adrenal axis 
when applied to large body surface 
areas.^ 

Although atopic dermatitis has no 
established etiology, multiple im- 
munologic abnormalities have been 
documented; ■ 
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(a) defective cellular immunity with 
anergy to recall antigens'*; 

(b) quantitative T-cell suppressor 
deficiency^'*; 

(c) decreased lymphocyte blast cell 
transformation after phytohe- 
m agglutinin (PHA) exposure^' ^^; 

(d) decreased neutrophilic and 
monocytic chemotaxis"; 

(e) elevated serum immunoglobu- 
lin E (IgE) levels'2-'^ 

(f) altered beta-adrenergic receptor 
activity resulting in increased 
serum histamine levels '^"*^; and 

(g) mast cell degranulalion.'*"'^ 
Mast cells play a critical role in 

inflammation by linking both the 
humoral and cellular immune sys- 
tems.'^ Both IgE and non-lgE mech- 
anisms activate mast cells to degran- 
ulate their mediators.'^ One class of 
mediators is chymotryptic proteases 
bound to heparin in the secretory 
cytoplasmic granules of mast cells.^° 
Other mediators released from mast 
cells act as chemoattractants for eo- 
sinophils and neutrophils.*^*'^ This 
pattern of inflammation mediated 
by mast cells and' their proteases 



may be one of the common denom- 
inators linking atopic dermatitis 
with asthma, allergic rhinitis, and 
other mast cell-mediated disorders. 

Alphanproteinase inhibitor 
PI) is one member of the senne 
protease inhibitor (serpin) super- 
gene family with broad spectrum 
activity toward ti7ptic and chymo- 
ti7ptic proteases.^' Serpin serum 
levels are elevated in numerous in- 
flammatory disease states including 
inflammatory bowel diseases,"'^^ 
rheumatoid arthritis,^"*'" burn pa- 
tients,^^'^^ reproductive tract dis- 
easeV^ and pulmonary inflamma- 
tory diseases.^'--'^ 

The seipin with the highest natu- 
rally occurring plasma concentra- 
tion (80-213 mg/dL) is a-rPI. 
Alpha I -PI is an acute phase reactant 
protein synthesized by hepatocytes 
and mononuclear phagocytes with a 
molecular weight of 52,000 dal- 
tons.^' During states of stress the 
serum concentration of ai-PI dou- 
bles within two to three days."*^ The 
spectrum of arPI activity includes 
its natural target the neutrophil elas- 
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tase as well as cathepsin G, human 
mast cell chymase and other serine 
proteases,^' 

The purpose of this study was to 
test ar?\ as an alternative to ste- 
roids for the treatment of patients 
with steroid-resistant atopic derma- 
titis. 

METHODS 

Experimental Protocol 
Patients with dermatitis refractory 
to conventional therapy (high po- 
tency topical steroids, antipruritics, 
and moisturizing agents) partici- 
pated in this nonblinded pilot study. 
Informed consent was obtained 
from each patient before entering 
this study. 

Entry Criteria 

Atopic dermatitis must have been 
present for at least 1 year. The di- 
agnosis was made clinically and no 
skin biopsies were obtained. Only 
the hands or upper extremities were 
treated. Each patient had an entiy 
evaluation with a complete clinical 
histoi7 and physical examination. 
Baseline laboratory tests included 
complete blood count (CBC), sim- 
ulated multiple automated chemis- 
try (SMAC-20), erythrocyte sedi- 
mentation rate (ESR), antinuclear 
antibody (ANA), complement lev- 
els, and allergy epicutaneous skin 
tests. 

Exclusion Criteria 

Patients were excluded if they met 
the following criteria: age below 12 
yeai's, pregnancy, diabetes, cardiac 
disease, malignancy, chronic infec- 
tion, hypertension, or any signifi- 
cant abnormality in the baseline 
studies indicative of a disease unre- 
lated to atopy. Patients could not 
have received systemic steroid ther- 
apy for 3 months or topical steroids 
for 2 weeks before participation in 
the pilot study. 

Experimental Design 
An occlusive dressing of plastic vi- 
nyl gloves was used for five of the 
six (5/6) patients. The remaining 
patient used an op-site wound kit as 
an occlusive dressing on his arm. 



Lyophilized o-rPl (supplied by 
Miles, Inc. Cutter Biological) was 
mixed with injectable sterile water 
to form an aqueous solution with a 
fmal concentration of 20 mg/mL. 
During Stage I therapy, 6 mL of 
reconstituted <xr^l was placed into 
each glove. For Stage I, ai-Fl was 
blended into a 1% cream and for 
Stage II into a 5% cream. The emol- 
lient cream base consisted of petro- 
leum, mineral oil, mineral wax, and 
wool alcohol (Aquaphor by Beiers- 
dorf, Inc.). One gram of lyophilized 
ai-PI was mixed with 7 mL of in- 
jectable sterile water and then 
blended into 20 g of Aquaphor for 
the 5% concentration by anhydrous 
weight. 

Stage I 

Treatment with aqueous aj-PI was 
performed on alternate days. On the 
day of aqueous treatment, patients 
kept the glove or occlusive dressing 
on for two consecutive houi^s fol- 
lowed by topical application of 1 % 
«i-PI cream. This sequence was re- 
peated three times during the day. 
Nocturnal treatment consisted of 
continuous 8-hour application of 
aqueous ai-Pl in an occlusive dress- 
ing. Alternate day therapy consisted 
of 1 % ai-PI cream applied topically 
3 times each day. No nocturnal 
treatment with aqueous ^j-PI was 
applied on alternate days. Photo- 
graphs were taken serially to docu- 
ment each patient's progress. Symp- 
toms of burning, flushing, itching, 
pain and signs of blistering, scaling, 
edema, and erythema were docu- 
mented. 

Stage U 

This pan of the study consisted of 
maintenance therapy with 5% a\-V\ 
cream with or without a topical ste- 
roid (monietasone furoate 0.10% 
cream, Schering Plough, Inc.). Pa- 
tients received first only 5% ax-Vl 
cream for 21-90 days. Next they 
received mometasone furoate 0.1 
cream plus 5% arV\ cream for an 
additional 21-40 days. This was 
done to test fordnig ihteraction and 
synergism. Finally, all' creams were 



removed and relapse time and rate 
were documented. 

CASE STUDIES 
Six patients, two women and four 
men, ranging in age from 16 to 54 
years with histories of atopic der- 
matitis were studied. The index case 
is illustrative as all patients exhib- 
ited similar symptoms and clinical 
fmdings. 

Index Case Study 

Patient 2 is a 36-year-old woman 
with a 5-year history of atopic der- 
matitis involving hands and feet. 
Patient 2 complained that her hands 
were continually painful, pruritic, 
and would easily ooze and bleed. 
She also experienced difficulty in 
extending and flexing digits of both 
hands. Patient 2 is a smoker with a 
history of chronic bronchitis and 
asthma. 

During the prior 3 years, patient 
2 applied high potency topical ste- 
roids to her hands and wore gloves 
during the day as an occlusive dress- 
ing. Treatment by several dermatol- 
ogists included oral prednisone, 
high potency topical steroids, coal 
tar preparations, and moisturizers. 
Patient 2 claimed she only im- 
proved when on high doses (60 mg/ 
day) of prednisone and denied ben- 
efit from any topical medications. 
Patient 2 admitted that when her 
hands would flare, she frequently 
developed hand infections with an 
ascending lymphangitis. These in- 
fections were difficult to control and 
would usually only resolve when her 
dermatitis would improve. Patient 
2 refused further oral steroids due 
to side effects and was next recom- 
mended forGvenz therapy. 

Physical examination revealed a 
36-year-old woman who presented 
with bloody bandaged hands. Digits 
and palms bled bilaterally and 
were papulovesicular, erythematous, 
edematous, fissured, scaled, blis- 
tered, and ulcerated. Her left hand 
also had a lymphangitic streak ex- 
tending to her elbow. Patient 2 had 
mild involvement of her feet with 
small blistering pruritic lesions on 
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her soles. The remainder of her ex- 
amination was within normal lim- 
its. 

RESULTS 

The clinical summaries of the 6 pa- 
tients are compiled in Table 1. All 

patients were resistant, to conven- 
tional therapies. Each patient was 
treated topically with aqueous aj-PI 
and 1% ai-PI cream. Only patient 
3 did not enter Stage II as his con- 
dition resolved after only aqueous 
fti-PI therapy. 

Objective findings of healing were 
seen in all patients within six days 
of therapy including epithelializa- 
tion, increased range of motion, de- 
creased erythema, and healing of 
fissures. Complete healing of ulcer- 
ated skin, edema, fissuring, and er- 
ythema occurred within 30 days in 
all patients. Subjective complaints 
of pain and pruritus were relieved 
in 4/6 patients within 30 minutes. 
The remaining two patients re- 
ported relief of pain and pruritus 
within 3 days (Table 1). 

An instructive example was ob- 
served in patient 2 who reported 
almost immediate relief of pain, 
pruritus and increa.sed range of mo- 
tion of her hands. Patient 2 reported 
an immediate anesthetic and sooth- 
ing effect upon application of 
aqueous aj-PI. This was also expe- 
rienced by patients 1, 3, and 5. Pa- 
tient 2 had severe bilateral hand in- 
volvement Initially her right hand 
was treated and her left hand was 
untreated as a nonblinded control. 
The right hand exhibited improve- 
ment after 5 days of therapy (Figure 
la), while the left hand (the control 
hand) continued to fissure and bleed 
(Figure lb). Patient 2 refused to 
withhold therapy from the control 
left hand and on day 6 began 
aqueous rtt-Pl therapy. 

Patient 2's- hands developed a 
scaling exfoliative appearance within 
three days of drug appUcation. Epi- 
thelialization began five days after 
drug application and nonpruritic 
skin began to appear beneath the 
exfoliative tissue. Exfoliation ended 
after 14 days of drug application at 
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Kigni-e I. The right hand improved after five days of Stage I therapy. The righi hand was less 
erythematous and edeiiiemaioiis when compared with the left hand (IB). New healthy tissue 
formed underneath ihc opened blisters in Figure 1(A), Initially the left iiand served as an internal 
coniroJ (unircajed) und continued to bleed, fissure, scale, and weep. Because of severe pain and 
pruritus the paiicni's left hand also was started on n-rPl aqueous treatment on day 6. 





Figure 2. The exfoliative phase began on day 3 for the right hand and day S for the ieft hand. 
Hpithctialrzanon began on day 5 for the right hand. In this picture note palmar exfoliation and 
decreased edema, eiythcma. and fissures. There was nnarkcd Improvement in both hand and 
digit range of motion by day 10. 



which time tissue repair continued 
(Fig 2), By day 25, there was normal 
skin with apparent resolution of all 
clinical manifestations of atopic 
dermatitis (Fig 3). 

Patient 2 was withdrawn from 
therapy beginning on day 34 to fur- 
ther establish efficacy. Edema, ery- 
thema, blisters, and ulcers reap- 
peared within five days of drug with- 
drawal. Therapy was reinstated on 
day 39 and patient 2's clinical man- 
ifestations began to resolve within 
five days. Patient I also was tem- 
porarily withdrawn from Stage I 
therapy and her dermatitis flared. 
Stage I therapy was then reinstituted 
for patient 1 producing results sim- 
ilar to those in patient 2. 

Five of six patients entered Stage 
II for a period of 21 to 90 days 
without relapse. No .patient relapsed 
with 5% a I -PI cream alone or in 
combination with 0.1% mometa- 
sone furoate. All five patients re- 
lapsed within 20-40 days when re- 
moved from Stage II therapy (Table 
1). All study patients denied having 
any local or systemic sensitivity to 
Stage I or Stage II therapy. No 
patient evidenced skin in'itation, 
drug induced pruritus, stinging, 
burning, skin atrophy, striae, hyper- 
or hypopigmentation, photosensi- 
tivity, flushing, or blood chemistry 
abnormality. 

DISCUSSION 

We hypothesized that atopic der- 
matitis is one example where neu- 
trophils, mast cells, T-cells, and 
their mediators induce an inflam- 
matory state resulting in a localized 
iin balance of elevated serine pro- 
teases with a concomitant defi- 
ciency of their naturally occurring 
inhibitors despite normal serine 
protease inhibitor serum levels. Se- 
vere hand dermatitis is one of the 
more disabling and difficult skin 
conditions to treat. '"^ The exact 
pathogenesis of atopic dermatitis 
has been difficult to explain because 
of the many biochemical and im- 
munologic dysfunctions that have 
been documented.*^ '' Atopic der- 
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Figure 3. >Tealing phases, exfoliation and epithelializalion were complete for both hands by 
day 23. All open ulcers and fissures healed without residual scarring or pigmentation. At this 
.stage all clinical symptoms and signs of atopic dermatitis resolved. 



matitis is thought to be one example 
of an uncontrolled allergic late- 
phase reaction (LPR) seen in 
skin."'^'' Although the LPR has 
been known for many years, -^-^ only 
recently have the cells and their me- 
diators been elucidated."^'' Mast cell 
and neutrophil mediators appear to 
have a central role in the LPR.'^''^'^^ 
Skin biopsies from patients with 
atopic dermatitis have increased 
numbers of mast cells. Compound 
48/80 a potent mast cell degranu- 
lator induces a LPR in skin.^^'^^ 
Mast cells are critical in recruiting 
the cells (eosinophils, basophils, 
and neutrophils) involved in 
the LPR.''^''*'''*"'^'*'''^ Monocytes 
through the release of cytokines, in- 
terleukin-l, 6 (IL-1, 6), and tumor 
necrosis factor (TNF) further am- 
plify the LPR."'^^ Platelet activating 
factor (PAF) a mediator derived 
from mast cells, neutrophils, and 
platelets is a potent bronchocon- 
stricter thai produces an intense in- 
flammatory skin response similar lo 
an LPR after intradermal injec- 
tion.^^''*' 

Proteases are released by cells in- 



volved in the LPR as well as by 
natural killer cells and T-cells.'*^'^^ 
AlpharPI not only inhibits the me- 
diators of rhast cells and neutrophils 
but may also regulate IgE biosyn- 
thesis. The T-cell lymphokine gly- 
cosyiation-enhancing factor (GEF) 
is a senne protease that has been 
shown to enhance the IgE response. 
Alpha i-PI may decrease mast cell 
and basophil mediator release by 
inactivating GEF and inhibiting lo- 
cal IgE biosynthesis and histamine 
release (Fig 4).^'*'^^ Serine proteases 
not only activate complement and 
kinins but also mediate tissue necro- 
gjg 36.47-49 jj^g serine proteases, elas- 

tasc and cathepsin G, have been 
shown to stimulate the production 

of PAF and leukotriene B4 (LTB*), 
mediators of the LPR.^° 

Studies indicate the serine pro- 
tease inhibitor ffi-PI inhibits PAF 
and LTB, production^^'^®'^' (Fig 4). 
This may be explained by the bind- 
ing and inactivation of eiastase, ca*- 
thepsin-G and human mast cell chy- 
mase by arPl. Alpha j -PI has an 
association rate constant (Kass) 
against elastase (Kass*6.5 x 10^ m~' 



sec"'), cathepsin G (Kass 4.! x 10^ 
m"' sec"') and human mast cell 
chymase (Kass 7.5 x 10^ m"' 
sec~').^''^^ We suggest these serine 
proteases play an important role in 
LPR-induced inflammation includ- 
ing atopic dermatitis as well as other 
neutrophil-, mast cell-, and basophil- 
mediated disorders. Protease inhibi- 
tors may act both at the initial and 
concluding stages of the inflamma- 
tory cascade and their local deficiency 
may fail to initiate a "shut off signal" 
necessary to end the cycle of chronic 
inflammation. Figure 4 demonstrates 
how a J -PI and possibly other serine 
protease inhibitoi's may modulate the 
different cell lines and their mediator 
involved in LPR induced inflamma- 
tion,^^'^'*'^'^^'^^"*^ 

We tested our hypothesis that 
atopic dermatitis is a localized im- 
balance of proteases and antipro- 
teases by applying ai-PI topically to 
patients recalcitrant to conventional 
steroid therapy. All patients enrolled 
in the pilot study revealed significant 
improvement in subjective com- 
plaints and objective findings after 
applying aj-PI topically to the site of 
inflammation. Topical ai-Pl therapy 
helped 10 not only relieve the pruritus 
and pain of their open sores but 
healed each patient's wounds without 
residual scarring. 

The almost immediate disappear- 
ance of pain and pruritus may be 
explained by the direct inhibition of 
kallikreins, a class of endogenous 
serine proteases and their released 
products, kinins.^*^*"-^^'*^°-^^ The lack 
of residual scarring is consistent 
with the findings that biopsies of 
scars have increased mast cell num- 
bers and that arPI may bind these 
mast cell mediators (Fig 4). "-^0.57-59 

Scar tissue may be another example 
of a localized tissue imbalance of 
proteases and their inhibitors. Effi- 
cacy of a'rPI was fuither demon- 
strated when clinical flaring resulted 
from treatment cessation and re- 
solved with treatment reinstitution. 

Four of six patients had open 
and fissured wounds which may 
have facilitated drug penetration. 
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Figure 4. Postulated mechanism of alphai-Pl response to cytokine-induced inflammation. 
Cytokines activate the cells in ihe late piiasc reaction and hepatocytes. Alpha i-PI is primarily a 
product of hepatocytes which directly inactivates neutrophil elastasc, cathepsin G, human mast 
cell chymase and indirectly limits the production of PAF, LTBh, T-ccll serine proteinases and 
possibly other mediators of the late phase reaction. This figure dcmonstrfJtes how cytokines may 
mediate both ihe initiation and cessation of inflammation. Abbreviations: LPR: late-phase 
reaction, IL-1, 6; interleukin ) and 6, LTBa: leukotriene B4, TjNF: tumor necrosis factor, PAF: 
platelet-activating factor, and GEF: glycosylaiion-enhancing factor. 



Drug penetration appeared success- 
ful based upon the absence of re- 
lapse in 5/5 study patients on Stage 
II maintenance therapy (Table 1). 
No studied patient exhibited any 
clinical, hematologic, or biochemi- 
cal side elTects during Stage I and 
Stage II therapy. One explanation 
for the lack of side effects (immune 
sensitization) is that arPI is a nat- 
urally occurring human acute phase 
reactanl that normally rises in 
serum during disease and states of 
stress.^ ^"^^ Additionally, ai-PI binds 
to specific serine protease mediators 
of cells involved in the LPR but does 
not disrupt cellular function in con- 



trast to corticosteroids. Safety of ar 
PT is further substantiated by its 4- 
year history of approval for paren- 
teral use in congenital a i -antitrypsin 
deficiency by the Food and Drug 
Administration (FDA). 

We recognize limitations in this 
pilot study: small patient sample, 
absence of a randomized double- 
blind placebo-controlled trial, ab- 
sence of pre- and post-treatment 
biopsies and measurement of local 
inflamed tissue serine protease ajid 
inhibitor levels, and lack of phar- 
macokinetic studies of ai-PI topical 
absorption. . . 

Further trials are warranted to ex- 



plore the limitations of the present 
study. 

This study suggests the investiga- 
tion of a J -PI and other serine or 
nonserine protease inhibitors, alone 
or in combination, for their possible 
synergistic antiinflammatory thera- 
peutic value. Topical administra- 
tion of arPI may be a viable adjunct 
or alternative to corticosteroids for 
the treatment of atopic dermatitis 
and other inflammatory diseases. 
This suggests an important role for 
serine protease inhibitors in block- 
ing the effects of mediators of in- 
flammation. 
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Summary* The aim of this study was to quantitate the 
active fraction of the a]-proteinase inhibitor (ai-PI) 
in psoriasis. Serum proteinase inhibitory capacity was 
measured fs porcine pancreatic elastase of a known 
active fraction against its specific substrate (Suc-AIaa- 
pNA). The inhibitory capacity was determined in 21 
symptom-free patients, 134 patients with sldn lesions, 
and 23 healthy volunteers. Alpha i -PI- was found to be 
significantly decreased in symptom-free patients and in 
those with stationary lesions, in a manner similar to the 
reduced activity of neutrophil proteinases, elastase, and 
cathepsin G. The synthesis of ai-PI was stimulated 
during the appearance of active psoriatic lesions, but 
to a much lesser degree in patients witii early onset 
21 years) than in patients with late onset of psoriasis 
(> 21 years). The early onset subgroup differed by a 
more frequent familial occurrence of psoriasis and a 
more severe course of the disease. The data indicate 
that the regulation of the proteinase^] -PI system In 
psoriasis is abnormal and this may contribute to the 
pathogenesis of the disease. The decreased ai-PI during 
flare may be responsible for the disease activity, at least 
in patients with early onset of psoriasis. 

Key words: Psoriasis — Alphai-proteinase inhibi- 
tor — Alphai -antitrypsin — Serum proteinase inhibi- 
tory capacity 



An increased proteolytic activity in skin lesions and in 
psoriatic scales has been reported by several authors 
[8 — 10, 22]. The proteases may originate either from 
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Polish Academy of Sciences, ul. Rakowiecka 36, PL-02-532, 
Warsaw, Poland 

* Presented in part at the 4th International Psoriasis Sym- 
posium, 6-11 July 1986, Stanford, USA 



the epidermal and dermal cells or from cellular infil- 
trate, e.g., leukocytes. 

Excessive amounts of chemoattractants to 
leukocytes are generated in psoriatic epidermis [14, 
33], and the accumulation of neutrophils in 
parakeratotic stratum comeum is one of the most 
characteristic features of psoriasis [5, 29]. Peripheral 
blood neutrophils have been found to be hyperreactive 
in several functional tests [31, 37], At the site of inflam- 
mation, activated neutrophils release their proteolytic 
enzymes which, if not balanced by inhibitors, can acti- 
vate complement, unmask some hidden antigens, and 
cause tissue destruction [3, 15,21, 24]. 

Furthermore, the activities of elastase and 
cathepsin G from neutrophils were increased more 
than twofold in patients with active plaque lesions 
[12], whereas significant reduction of these enzyme 
activities was associated with the beneficial effects of 
peritoneal dialysis and leukapheresis in patients v^th 
psoriasis [11, 13]. These data indicate that regulation 
of proteinases may be of crucial significance in the 
patiiogenesis of the disease. 

Biological control of proteases in tissues is mediat- 
ed by its inhibitors produced locally [e.g., 30] or 
diffusing from the circulation [35]. One of the most 
important inhibitors of serine proteinases is ai-pro- 
teinase inhibitor (ai-PI, ai-antitrypsin), an acute- 
phase protein, present at high concentration in a 
serum and diffusing to tissues [26, 35]. This relatively 
unspecific inhibitor, binds most rapidly to neutrophil 
elastase and somewhat more slowly to cathepsin G [1 , 
35], Congenitally decreased serum a^-PI concentration 
has been Unked to genetic variants of the inhibitor, 
and individuals carrying Z alleles were found to have a 
pronounced decrease in the plasma ai-PI, while those 
with S alleles showed only a slight decrease [6, 26], 
A pronounced deficiency predisposes to premature 
emphysema [35] resulting from damage to the lung 
elastic fibers caused by leukocyte elastase [7]. An 
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association with other disease states has also been 
described [26, 39]. 

Among patients with psoriasis, an increased fre- 
quency of individuals carrying ai-PI deficiency genes 
has been reported [2, 16, 23]. However, S allele was 
not obviously related to the severity of the disease [23] 
and the frequency of Z and S alleles was too low, 
compared with the nonpsoriatic population, to explain 
pathogenesis of the disease [2, 23]. Heng et al. [16] 
found the Z and S alleles to be associated with severe 
psoriasis. It has been suggested that the gaps in basal 
lamina resulting in the basal keratinocyte herniations, 
revealed by electron microscopy, are induced by pro- 
teolytic enzymes [17, 18]. These findings point to the 
importance of a i -PI deficiency in the pathomechanism 
of psoriasis. Other factors, however, than Z and S 
alleles also seem to contribute to this deficiency. 

The purpose of this study was to quantitate active 
fraction of serum aj-PI, as measured on pancreatic 
elastase, in patients with active and stationary pso- 
riasis, in symptom-free patients, and normal controls. 
Multifactorial analysis was performed to find the cor- 
relation, if any, of the changes in a^PI activity with 
the activities of neutrophil elastase and cathepsin G, 
and with some clinical features, such as disease ac- 
tivity, extent of the lesions, duration of relapse, and 
age at onset of psoriasis. 

Materials and methods 

Selection of patients 

One hundred fifty-five patients suffering from psoriasis vulgaris 
(mean age, 39.8 years, range 10— 84; 102 males and 53 females) 
were studied: Inpatients with skin lesions, 21 symptom-free 
patients (mean age 39.4 years, range 19—64; 13 males and 
8 females) as well as 23 healthy volunteers. The latter group 
was sex- and age-matched with symptom- free patients. Clinical 
analysis of data was performed according to the criteria of 
disease activity based on the character of psoriatic lesions, the 
dynamics of their spreading and, to some extent, on the duration 
of recurrence [12]. The grade of the disease activity was defined 
as follows: 

A2, active, guttate psoriasis: widely dissemmated small pap- 
ules (not exceeding 5 mm) with pin-point lesions and scarce 
small plaques; duration of lesions usually up to 1 month after 
relapse 

Al, active plaque psoriasis: predominantly large plaques, 
peripherally spreading, and some small papules; no pin-point 
lesions 

AO, stationary psoriasis: large plaques persisting longer than 
3 months without peripheral spreading, as well as indolent 
lesions at typical locations (elbows, knees, etc.) 

Materials 

Elastase from porcine pancreas was the product of Calbiochem- 
Behring (La Jolla, Calif, USA); trypsin (bovine pancreas. Type 
III, 2x crystallized) and human plasma ai-PI (chromato- 
graphically prepared) were obtained from Sigma Chemical (St. 
Louis, Mo., USA). These preparations were used without further 
purification. 



Enzymatic substrates were as follows: N-succinyl-(L- 
alanine)3-/?-nitroanilide (Suc-Alaa-pNA; Calbiochem); Na- 
benzoyl-DL-arginine-/7-nitroanilide • HCl (BAPNA) and 4- 
nitrophenyl 4''-guanidinobenzoate * HCl from Sigma. Solvents 
used were of spectroscopy grade: acetonitrile (Merck, 
Darmstadt, FRG), dimethylformamide (BDH, Pool, England), 
dimethyl sulfoxide (Flulca, Buchs, Switzerland). Triton X-100 
was from BDH and Tris (the highest purity grade) was from 
Sigma. 

Measurements of enzyme activity and ii^ibition 

Serum proteinase inhibitory (SPI) capacity was measured on 
porcine pancreatic elastase using the assay adapted after Travis 
and Johnson [34]. The procedure was as follows: sera were 
diluted before testing with 50 mM NaCl in 50 mM Tris-HCl 
buffer, pH S.O; the preincubation mixture (0.3 ml in a carefully 
washed, dry cuvette) contained 0.15 ml of a stock elastase solu- 
tion (550 nM of active enzyme in 100 mM Tris-HCl buffer, 
pH 8.0), 0.08% Triton X-100, and an appropriate amount of a 
diluted serum. The mixture was prcincubated in 25*^C for 3.5 min 
and then adjusted to 1 ml with 200 mM Tris- HCl buffer. pH 8.0 
(25° C) and 0.02 ml of the substrate solution (Suc-Alas-pNA, 
7.5 mg/ml In dimethyl sulfoxide). The solution was mixed im- 
mediately (zero time) and placed in a therraostated (25° C) 
spectrophotometer compartment. A residual activity of not in- 
Ubited elastase was measured at 410 nm for the first 2 min in 
30-s intervals from which the value for 1 min was evaluated. The 
increase in absorbance for the elastase control without serum 
was chosen to be about 0.15 per min, and at least three measure- 
ments of the control were made for each daily set of serum 
determinations. The serum proteinase inhibitory (SPI) capacity 
is expressed as mg elastase inhibited by 1 ml serum. Under the 
conditions of that test, an increase in the absorbance of 1 unit 
would be obtained with 550 pmol elastase. 

The active fraction of elastase in the preparation used was 
evaluated according to Beatty et al. [1]. Briefly, trypsin was 
titrated for active site using the method of Chase and Shaw [4]. 
This trypsin was then used to titrate the ai-PI solution which, 
in turn, served for the titration of elastase. All titrations were 
performed one after another, to avoid any loss of activity during 
storage. The following parameters were used for calculations: 
ai-PI, A(l%, 280 nm) 5,30, mol. wt. 53,000 [34]; elastase, A 
(1%, 280 nm) 18.5, mol. wt. 25,000, and for trypsin, A(l%, 
280 nm) 14.3, mol. wt. 23,800 [40]. 

Trypsin activity and inhibition were determined in 0.05 M 
Tris-HCl, 0.05 M NaCl, pH 8.0 [1] against BAPNA as the sub- 
strate [39]. The reaction mixture (1 ml) contained 0.5 nmol tryp- 
sin and 0.78 mg of the substrate. An increase in the absorption 
was measured at 405 nm. Other details of the procedure were as 
for elastase measurements. 



Results 

SPI capacity as related to the disease activity 

Mean SPI capacity in the whole group of psoriatics 
with skin lesions (0.68 mg/ml) was not different from 
that of healthy subjects (Table 1). However, this was, 
apparently, a coincidence since the range of SPI ca- 
pacities in patients was found to be markedly wider, 
either lower than 2 SD below the mean of controls in 
14.2% of cases, or higher than 2 SD above the mean 
of controls in 16.4% of cases. 
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When patients with skin lesions were classified 
according to the criteria of the disease activity, marked 
differences in SPI capacity between nonactive and ac- 
tive psoriasis were revealed. 

In patients with stationary, inactive skin lesions 
(AO), the mean SPI capacity was significantly lower (p 
< 0.01) than in healthy subjects (Table J). The AO 
group comprised patients with long-lasting inactive 
lesions at typical locations who rarely suffered from 
relapses, as well as patients with inactive plaques, who 
were more prone to flare and some of their lesions had 
persisted after recent regression of active plaques. 

In active guttate psoriasis (A2), the mean SPI ca- 
pacity was only slightly lower as compared with 
healthy subjects, whereas in active plaque psoriasis 



Table 1. Serum proteinase inhibitory capacity in patients with 
psoriasis and normal controls 



Group of 
patients 


Inhibition of elastase by serum 
(mg/ml) 








n 


Mean±SD 


Range 




Patients with 
skin lesions 


134 


0.68 + 0.19* 


0.27-- 


1.43 


Disease A2 
activity AJ 
AO 


41 

59 
23 


0.66 + 0.13'* 
0.74 + 0.23»»* 
0.60 ± 0,14» 


0.45- 
0.33" 
0.27- 


1.01 
1.43 
0.85 


Remission 


21 


0.54 ±0.08* 


0.39 - 


0.70 


Normal controls 


23 


0.68 ± 0.08 


0.54- 


0.83 



* Significantly different from normal controls (i-test: Re, /> < 
0.001 ; AO, < 0.01 ;AUp< 0,05) 
Significantly different from remission (Mest,/? < 0.001) 



(Al) it was significantly higher (p < 0.05), These two 
groups of patients differed also in the distribution of 
individual values for SPI capacity. In the A2 group, 
37% of the cases, and in the Al group up to 54% 
had SPI capacity above the mean of normal controls. 
These differences highlight the tendency toward in- 
creased SPI capacity in active plaque psoriasis. De- 
spite active skin lesions, 7% of the patients with A2, 
and 12% with Al had SPI capacity lower than 
0.53 mg/ml (2 SD below the mean of controls). 

Patients in remission were found to have signifi- 
cantly reduced SPI capacity (0.54 mg/ml, p < 0,001) 
in comparison with both normal controls and patients 
with skin lesions. 

The relationship between SPI capacity 
and neutrophil serine proteinases 

Alterations in the mean values of the SPI capacity in 
patients with psoriasis, correlated positively with the 
enzymatic activity of neutrophil elastase and cathepsin 
G (Fig. 1), except that activities of both enzymes were 
the lowest in stationary psoriasis, whereas SPI ca- 
pacity was the lowest in remission. 

It should be underscored that the activities of 
neutrophil elastase and cathepsin G were found to be 
increased in all patients with active skin lesions (A2, 
Al), whereas the SPI capacity remained still low in 
some patients (Fig. 2 and range of A2, Al in Table 1). 

SPI capacity as related to the extent of lesions 
and the duration of relapse 

Some positive correlation between the percentage of 
skin involvement and SPI capacity can be seen in 
guttate (A2) and stationary (AO) psoriasis (Table 2), 



SPI capacity 




Neutrophil pfotelnases 
Elastase Cathepsin G 





^ +SD 



Fig. 1. Comparison between serum 
proteinase inhibitory {SPI) ca- 
pacity and neutrophil enzyme ac- 
tivities in psoriatics with various 
disease activity {A2^ Al^ AO) and in 
symptom-free patients {Re), The 
horizontal lines indicate the mean 
value for nomial controls (iV) and 
the mean value + SD 



A2 Al AO Re 



A2 Al AO Re 



A2 Al AD Re 
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Fig. 2. Serum proteinase inhibitory 
capacity as related to the age at 
on$et of psoriasis in patients with 
guttate psoriasis (A2) and active 
plaque psoriasis (Al), Each circle 
represents one case. The hori- 
zontal lines indicate the mean 
value for symptom-free patients 
(REMISSION) and the mean value 
± 2 SD. On the right margin are 
indicated the mean values ± 2 SD 
for normal controls 
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Table 2 

Serum proteinase 
inhibitory capacity 
(mg/ml; mean ± SD) 
in psoriatics as 
related to skin involvement 



The number of cases 
is given in parentheses 



Disease 
activity 


Percent of skin involved 








<10 


n -20 


21-40 


41-60 


>60 


A2 
Al 
AO 


0.6j ± 0,09 

(15) 
0.71 ±0.15 

(11) 
0.58 + 0.14 
(15) 


0.67+0.13 
(9) 

0.55 + 0.09 
(7) 

0.65 ±0.10 
(4) 


0.72 + 0.14 
(7) 

0.80 ± 0.26 

(14) 
0.62 ± 0.1 5 
(4) 


0.68 + 0,16 
(4) 

0.66 + 0.13 
(12) 


0.74 + 0.14 
(5) 

0.86 ± 0.28 
(15) 


Total 


0.62 + 0.13 
(43) 


0.62 + 0.12 
(20) 


0.74 ± 0.22 
(28) 


0.66 + 0.14 
(16) 


0.82 + 0.26 
(21) 



but not in active plaque psoriasis (Al). This suggests 
that additional factors are affecting SPI capacity. 

The duration of recent relapse of psoriatic lesions 
seemed to have no effect on the mean SPI capacity 
(data not shown), however some inverse relationship 
could be noted: the longer the duration of relapse, the 
lower the inhibitor. 



The effect of associated involvement of other organs 
on SPI capacity in psoriasis 

SPI capacity was markedly elevated (0.85 mg/ml) in 
patients suffering from arthralgia (predominantly 
those, who had active spreading plaque lesions, Al) 
as compared with the remaining ones (0.67 mg/ml. 
Table 3). It was even more elevated in six patients with 
severe psoriatic arthritis. With the exception of one 
patient, the highest values were noticed in patients 
with severe psoriasis and concomitant kidney involve- 
ment. 



The association between SPI capacity 
and the age at onset of psoriasis 

In patients with active skin lesions, the mean age at the 
first manifestation of the disease was 24.6 ±16 years 
(range, 1 - 84), 

An analysis of the SPI capacity in relation to age 
at onset suggested the existence of two subpopu- 
lations: the first with an early onset 21 years) and 
the second with a late onset (> 21 years). This was 
evident in patients with guttate psoriasis (Fig. 2, A2), 
There were no patients with the onset at below 21 years 
of age and SPI capacity close to 0.83 mg/ml (mean of 
controls -I- 2 SD). In this subgroup, the mean SPI 
capacity (0.62 + 0.07 mg/ml) was significantly lower 
(p < 0.001) than in patients with the same disease 
activity and a late onset (0.76 ±0.16 mg/ml). A similar 
tendency to low SPI capacity in patients with an early 
onset was seen in the Al group, although several 
patients with onset between 14 and 20 years had very 
high SPI capacity. These patients had, however, wide- 
spread lesions (80% —95%) associated with severe ar- 
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Table 3. Serum proteinase inhibitory capacity (mean ± SD) as related to joint involvement and kidney disorders in psoriatic patients 



Disease activity 


Inhibition of eJastase by scrum (mg/ml) 








Total 


A2 


Al 


AO 


Patients without joint symptoms 
Arthralgia and mild arthritis 
Severe arthritis 


0.66 + 0,14 

(78) 

0.71 + 0.23 
(35) 

0.97 4- 0.26 
(6)- 


0.67 + 0.12 
(26) 

0.66 + 0.14 
(10) 


0.67 ±0.16 
(37) 

0.85 + 0.26 
(14) 


0.63 + 0.13 
(10) 

0.6J +0.15 
(6) 


Kidney disorders 


1.05 + 0.29 
(9)" 









The number of cases is given in parentheses 

■ The activity of psoriasis in these patients was as follows: Al, in four patients, A2 and Re, each in one patient. Three of the patients 
with Al suffered also from kidney disorders 

The following kidney disorders were diagnosed in these patients : proteinuria, nephrosis, amyloidosis, glomerular nephritis. The 
activity of psoriasis was as follows: Al, in eight patients and AO in one patient 



TaUe 4. Some features of psoriasis in patients with an early (< 21 years) and a late (> 21 years) onset of the disease 







Onset of psoriasis at age 
^ 21 years 


> 21 years 


Age at onset (years) 




13.0 ± 6.4(61) 


36.6 ±12,7 (64) 


Age at time of study (years) 




29.4 ±12.0 (51) 


48.9 ±15,4 (49) 


Duration of relapse (months) 




3.6 ± 6.5 


4.1+ 6.3 


Extension of lesions (% of skin involved) 




32.6 ± 29.2 


31.4 ±26.1 


Activity of disease 


A2 


44.2%" 


25.0% 


Al 


48 J % 


53.3% 




AO 


7.7% 


21.7%* 


Familial occurrence of psoriasis 


Positive 


53.3%^ 


25.4% 


One relative 


23.3% 


17.5% 




More than one 


30.0%^ 


7.4% 




First relative* 


46.7%'* 


20.6% 


Psoriatic arthritis 


Mild 


24.6% 


33.8% 




Severe 


3.5% 


6.5% 



The number of cases is given in parentheses. " Frequency (^^ test) significantly higher {p < 0.01). * As in Table 5 



thritis and/or kidney disorders or arthralgia. Despite 
this, in patients with Al and early onset, the mean SPI 
capacity was lower (0.69 mg/ml) than that of patients 
with late onset (0.79 mg/ml). 

These differences in SPI capacity were not affected 
by the age of patients at the time of the study. When 
patients of both subgroups were age-matched (age 
range, 25—51 years), SPI capacity in patients with 
the early onset (0.63 + 0.16) and the late onset 
(0.75 ±0.18) were almost the same as given previously 
for the whole series (cf. Table 5). 

Some other clinical data regarding these two sub- 
populations are presented in Tables 4 and 5. No sig- 



nificant difference has been found in the mean inci- 
dence of joint involvement, duration of relapse, and 
extension of lesions (Table 4). There was, however, 
better correlation between SPI capacity and the per- 
centage of skin involvement in patients vrith late onset 
(r = 0.42) as compared with patients with early onset 
(r = 0.14). 

There were more cases of guttate psoriasis (44.2%) 
and markedly less of stationary psoriasis (7.7%) in 
the "early onset" subpopuJation (Table 4). All four 
patients with stationary lesions in this subpopulation 
had had previous relapses and in two of them there 
was a familial history of psoriasis. 
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Table 5. Serum proteinase inhibitory capacity (mean + SD) as related to the age at onset of psoriasis 



Factor tested 




Age at onset of psoriasis 
^ zi years 


^ imX years 




Patients with active lesions 




0.65 ±0.15* (51) 


0.78 ± 0.22 


(49) 


Disease activity 


A2 


0,62 ±0.07 (23) 


0.76 ±0.16 


(15) 




Al 


0.69 ±0.19 (25) 


0.79 ± 0,26 


(32) 




AO 


0.64 ±0.11 (4) 


A C\ _1_ A < O 

O.Dl ± 0.13 


(13) 


Familial occurrence of psoriasis 


None 


0.62 ±0.10 (25) 


0.78 ± 0.25 


(35) 




One relative 


0.69 ±0.19 (10) 


0.83 ±0.11 


(9) 




More than one 


0.67 ±0.17 (16) 


0.64 ± 0.04 


(5) 




First relative** 


0.69 ±0.17 (23) 


0.75 ±0.12 


(11) 


FemaJe 




0.62 ±0.08 (18) 


0.66 ±0.15 


(12) 


Male 




0.67 ±0.17 (33) 


0.81 ± 0.23 


(37) 


Duration of relapse 


Up to 3 months 


0.62 + 0.10 (26) 


0.79 ± 0.21 


(23) 




Longer than 3 months 


0.68 ±0.17 (18) 


0.72 ± 0.23 


(20) 



The number of cases is given in parentheses 

* Pancreatic elastase (mg) inhibited by 1 ml serum 

^ In all but three cases, one close relative was affected (parent^ offspring, sibling) 



The patients with early onset had more frequent 
familial occurrence of psoriasis (53.5%) than those 
with late onset (25.4%, Table 4), Moreover those, who 
had more than one relative affected, had also de- 
creased SPI capacity even by late onset (Table 5). In 
the females, the mean SPI capacities were lower and 
the difference between the mean values was smaller 
than in the male patients (Table 5). 



Discussion 

The synthesis of ai-PI is stimulated by bacterial infec- 
tion, surgery, etc., as an acute phase protein [26, 39], 
however, changes in ai-PI activity in a course of 
chronic inflammation, such as psoriasis, are less ex- 
plored. 

A quantitation of serum oci-PI, measured as serum 
inhibitory capacity against porcine pancreatic elastase 
hydrolysing its specific low molecular substrate, Suc- 
Alas-pNA, appeared to be a convenient method to 
determine active ai-PI. The use of elastase instead of 
trypsin reduces binding of the enzyme with other 
serum factors. This enzyme, in contrast to trypsin, is 
not inactivated by oxidized ai-PI [1] and other serum 
inhibitors, such as a2-antiplasmin, antithrombin III, 
inter-a-trypsin [35]. In our studies, 1 ml of normal 
human serum had the capacity to inhibit 0.68 mg 
(27.2 nmol) of active pancreatic elastase. Based on a 
1 : 1 molecular ratio of en2yme-inhibitor complex, the 
serum concentration of active ai-PI was evaluated as 
1 .44 mg/ml. This value is in the range of 1 .34 mg/ml 
[20] and 1.89 mg/ml [25], both found by immuno- 
logical methods. 



In our studies, SPI capacity was found to be signifi- 
cantly reduced in a vast majority of both symptom- 
free psoriatics and patients with stationary lesions. A 
low SPI capacity in remission was also found in 
patients, who had had the inhibitor increased pre- 
viously, at the active stage of the disease (data not 
shown). The decreased ai-PI activity in serum either 
could have genetic background or it might be \s transi- 
ent regulatory phenomenon occurring after the re- 
gression of psoriatic lesions. The latter is less likely, 
since remission in our patients lasted from at least 2 
weeks up to 3 months. 

Alternatively, if decreased ai-PI activity were 
genetically determined, it could not be explained solely 
by the presence of Z and S alleles. We have found ai-PI 
activity to be lower than expected for MS phenotypes 
(smallest genetic deficiency) in 62% of symptom-free 
patients, in 39% of the patients with stationary pso- 
riasis, and also during flare (12% in A2, 14% in Al), 
whereas incidence of Z and S alleles in the psoriatic 
population has been reported as 11,1% [23], 15% [2], 
and 17.6% [16]. 

It is possible that decreased serum ai-PI activity is 
a characteristic feature of symptom-free psoriasis, as 
is decreased neutral proteinase of neutrophils [12]. 
Thus, the equilibrium of the protdnase-inhibitor sys- 
tem would be established in psoriasis at a level lower 
than in the normal population. 

Our data suggest ^at for any cUnical analysis in 
psoriasis, the reference value should be a mean ai- 
PI activity in remission, and not that of the normal 
population. 

When compared to symptom-free psoriasis, 
patients with active lesions (A2, Al) were found to 
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have markedly enhance mean aj-PI activity. Other 
authors found serum antitrypsin capacity increased 
over normal value in some patients with active pso- 
riasis [16, 23, 27]. We found, in addition, that this 
response to inflammation was much lower in patients 
with an early onset of psoriasis (<21 years) and in 
cases with more than one relative affected with the 
disease. These two subgroups partly overlap, since 
76% of the latter cases had the early onset Further- 
more, in females with psoriasis the response to flare 
seemed to be smaller than in males (0.63 ± 0.13 and 
0,71 ± 0.21, respectively; cf. Table 5). 

In the subpopulation with the early onset, the ma- 
jority of the cases (88% in A2, and 54% in Al) showed 
SPI capacity within the range of remission, despite 
their extensive and spreading lesions. In addition, a 
high frequency of flares (more than once a year) was 
noticQd in 50% of these patients, and their lesions were 
more resistant to therapy. It is conceivable that low 
aj-PI during flare contributes to more extensive and 
active lesions [16 — 1 8]. 

During flare the patients seemed to have a dis- 
turbed balance between proteolytic enzymes and their 
inhibitors. Their SPI capacity was low, whereas 
neutrophil proteinases (elastase, cathepsin G) were 
elevated more than twofold in active psoriasis and 
more granule enzymes were presumably released from 
migrating neutrophils in tissue. The imbalance may 
result from the overconsumption of oti-PI by protein- 
ases with simultaneous insufficient synthesis of ai-PL 
However, it has not yet been estabh'shed whether the 
early onset of psoriasis may be due to insufficient 
protection against the action of neutral proteinases. 

It is likely that compensatory regulation of ai-PI 
in the late onset subgroup is also defective, however 
to a lesser extent than in the early onset group. 
Although the former group included some patients 
with decreased ai-PI activity, it consisted mostly of 
patients able to enhance markedly ai-PI upon inflam- 
matory stimulation during flare, in contrast with the 
early onset subpopulation. 

The absolute increase in ai-PI activity by 50% — 
100% over mean value in remission argues for the 
defective regulatory response such as observed in 
patients with genetic moderate deficiency of ai-PI [26]. 
Individuals without genetic defect, after some acute 
inflanmiation had up to threefold increased ai-PI [26]. 

The patients with late onset had less severe pso- 
riasis and less frequent relapses. There were fewer 
cases with eruptive guttate psoriasis and more cases 
with stationary lesions. Thus, psoriasis in these 
patients may be a self-limiting disease accompanied 
by a decrease in elastase, cathepsin G, and ai-PI activi- 
ties as in stationary psoriasis. However, in this group, 
there were only slighfly fewer patients with more than 
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40% of skin involvement and more patients (mainly 
from the Al group) with inflammation signs from 
other organs. 

The existence of two distinct subpopulations of 
patients with psoriasis, differing by age of onset, was 
reported by Henseler and Christophers [19] who also 
linked a prevalence of the HLA-Cw6 to early onset of 
psoriasis. These authors suggested that the patients 
with early onset bad an inheritable type of the disease, 
genetically different from the non-inheritable, with 
onset in the 5th or 6th decade of life. Our findings on 
abnormal SPI capacity as well as a higher frequency 
of famiUal occurrence of psoriasis in the early onset 
subpopulation provide further support for their con- 
clusion. 

Our results differ from the data of Heng et al. [16], 
who foimd a higher serum antitrypsin capacity in mild 
psoriasis than in the severe form. According to these 
authors, this was in agreement with a high frequency 
of ai-PI deficiency genes in the latter group. The dis- 
crepancy between these data and our findings may 
result either from the selection of patients or from the 
methodology. These authors selected patients by only 
one criterion: the percentage of skin involved with 
psoriatic lesions, where '"mild" psoriasis had up to 
10% of skin affected, and "severe" more than 20% 
and this, according to our data, did not correlate di- 
rectly with arPI activity. Their "mild" and "severe" 
psoriasis could include patients with both active and 
inactive skin lesions, which makes any clinical com- 
parison difficult. Moreover, we have found that SPI 
capacity, measured on trypsin, differs from that deter- 
mined on elastase, in a way related to the disease 
activity, at least in some patients with psoriasis (un- 
published). 

Activated neutrophils [31, 32, 37] and their neutral 
proteinases [1 J - 1 3] play an important role in the 
pathogenesis of psoriasis. They cause damage to the 
basement membrane of the epidermis [24] as well as 
change the antigenicity of the stratum comeum [3], 
thus, neutrophil enzymes might be responsible for per- 
petuation of the disease. 

All these phenomena occurring m the psoriatic 
skin might be enhanced by the decreased oci-PI activity, 
which can result from: (a) decreased ai-PI concen- 
tration in the peripheral blood and/or decreased syn- 
thesis of ai-PI isoforms characteristic for inflam- 
mation [36]; (b) inactivation of ai-PI by oxidation 
either in the vicinity of stimulated neutrophils [32] or 
by long-lived reactive intermediates in the distance 
from neutrophils [38]; (c) local depletion of a i -PI after 
binding with elastase and cathepsin G released in ex- 
cess from neutrophils; (d) proteolytic inactivation of 
ai-PI by other proteinases, not inhibited by a^-PI, 
e. g., cysteine proteinases [34] ; and (e) poor supply of 
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the inhibitor from other sources, such as macrophages 
and monocytes, which also synthesize and secrete ai- 
PI upon activation [28]. The proper ratio of these cells 
to neutrophils at the site of inflammation might be 
of importance in the regulation of the inflammatory 
process. 

In consequence, neutrophil serine proteinases can 
escape from control and attack susceptible substrates 
in close proximity to degranulating neutrophils, thus 
maintaining the inflammation. 

In conclusion, it is possible that due to a defective 
proteinase-proteinase inhibitor system in psoriasis, 
both tti-PI and neutral proteinase activities arc de- 
creased in remission and in stationary disease. This 
might be a characteristic genetic feature of psoriasis. 
During flare, the control of excessively active serine 
proteinases by ai-PI might be insufflcient and imbal- 
anced as suggested by low stimulation of aj-PI pro- 
duction in patients with early onset and high familial 
incidence of the disease. 
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Alpha-1 -Antitrypsin Stimulates 
Fibroblast Proliferation and 
Procollagen Production and Activates 
Classical MAP Kinase Signalling Pathways 

KARIM DABBAGH, GEOFFREY j. LAURENT, ANTHONY SHOCK, 
PATRICIA LEONI, JENNY PAPAKRIVOPOULOU, and 
RACHEL C. CHAMBERS* 

Centre for Cardiopulmonary Biochemistry and Respiratory Medicine, 
Royal Free and University College Medical School, UCL, The Rayne Institute, 

London, United Kingdom 

Connective tissue formation al sites of tissue repair is regulated by matrix protein 
synthesis and degradation, which in turn is controlled by the balance between 
proteases and antiproteases. Recent evidence has suggested that antiproteases 
may also exert direct effects on cell function, including influencing cell migration 
and proliferation. The antiprotease, a i -antitrypsin, is the major circulating serine 
protease inhibitor whicli protects tissues from neutrophil elastase attack. Its 
deficiency is associated with the destruction of connective tissue in the lung and 
the development of emphysema, whereas accumulation of mutant aj-antitrypsin 
within hepatocytes often leads to liver fibrosis. In this study, we report that ai- 
antitrypsin, at physiologically relevant concentrations, promotes fibroblast 
proliferation, with maximal stimulatory effects of 118 ±2% (n = 6. P < 0.02) 
above media controls for cells exposed to 60|.iM, We further show that ar 
antitrypsin also stimulates fibroblast procollagen production, independently of its 
effects on cell proliferation, with values maximally increased by 34 ± 3% (n = 6, 
P < 0.01 ) above media controls at 30 |.iM. Finally, mechanistic studies to examine 
the mechanism by which oci -antitrypsin acts, showed that ai -antitrypsin induced 
the rapid activation of p42'^''^'''^ and p44'^'''^ (also known as ERK1/2) and that the 
specific MEK1 inhibitor PD980S9 totally blocked oti -antitrypsin's mitogenic 
effects. These results support the hypothesis that a, -antitrypsin may play a role in 
influencing tissue repair in vivo by directly stimulating fibroblast proliferation and 
extracellular matrix production via classical mitogen-actrvated signalling 
pathways. ]. Cell. Physiol. 1 86:73-81 , 2001 , © 2001 v^/iiey-iiss. inc. 



ai-Antitrypsin (ocj-AT) is the major serine protease 
inhibitor (serpin) in human circulation (Travis and 
Salvesen, 1983; Perlmutter and Pierce, 1989). It is 
predominantly produced by hepatocytes, but also by 
intestinal epithelial cells in vivo (Perlmutter et al., 

1989) , as well as blood monocytes, pulmonary alveolar 
cells, macrophages (Perlmutter et al., 1985) and breast 
cancer cells (Yavelow et al., 1997) in vitro. Studies 
examining the localised expression of the hiiman ai-AT 
gene in transgenic mice also reported the presence of the 
gene product in the gut, kidney, and lung (Koopman 
et al., 1989). ai-AT is an acute-phase reactant and its 
levels rise shai^jiy by 3 to 4-fold following tissue injury 
and inflammation (Dickson and Alper, 1974). Its synth- 
esis is regulated by pro-inflammatory cytokines, such as 
tumour necrosis factor-a (TNFa) and interIeukin-6 (IL- 
6) (Takemura et aL, 1986; Kalsheker and Swanson, 

1990) . In addition, endotoxin and neutrophil elastase 
can stimulate the synthesis of ai-AT by lung macro- 

© 2001 WILEY-LISS, INC. 
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IL-6, interleukin-6; NCS, newborn calf serum; MAPkinase, 
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tumour necrosis factor-a. 

Contract giant sponsor: National Research Council; The Chil- 
dren's Liver Disease Foundation; Contract grant sponsor: 
National Asthma Campaign; Contract gi*ant sponsor: University 
College London Medical School; Contract gi'ant spoiisor: Wellcome 
Ti'ust; Contract grant number: 051154. 

* Correspondence to: Rachel C. Chambers, Centre for Cardiopul- 
monary Biochemisti*y and Respiratory Medicine, Royal Free and 
University College Medical School, UCL, The Rayne Institute, 5 
University Street, London WCIE 6JJ, UK. 
E-mail: r.chambers@iicLac.uk 

Received 22 February 2000; Accepted 3 Aiigust 2000 
Published online in Wiley InterScience, 30 November 2000. 



74 



DABBAGHETAL. 



phages alone or in combination (Perlmutter and Punsal, 
1988;Barbey-Moreletal., 1987; Perlmutter etal., 1988). 

tti-AT inhibits a number of serine proteases, but has a 
much greater affinity for neutrophil elastase. Its main 
physiological function was ascribed when its deficiency 
in individuals with ai-AT gene defects was linked to the 
premature onset of pulmonary emphysema (Laurell and 
Erikson, 1963). Normal circulating levels of ai-AT range 
between 20 and 63 |iM. ai-AT diffuses through endothe- 
lial and epithelial cell walls and is present in the 
epithelial lining fluid at 10-15% of serum concentra- 
tions (Crystal, 1990). Although other serpins are present 
in the lung, including a2-macroglobulin and secretory 
leucoprotease inhibitor (SLPI), ai-AT contributes to 
over 90% of the elastase inhibitory activity in the 
alveolus- If sei*um ai-AT levels fall to below 11 pM, the 
lower respiratory tract is no longer protected and 
individuals are predisposed to the progi'essive destruc- 
tion of alveolar walls and the development of emphy- 
sema (Wewers et al., 1987). 

In addition to its protease inhibitory functions, ai-AT 
has also been reported to influence cell behaviour via 
both direct and indirect mechanisms. For example, ai- 
AT has been shown to both stimulate and inhibit cell 
proliferation, depending on the cell type and the 
concentrations examined (Perraud et al., 1988; Scott 
and Tse, 1988; Hamilton et al., 1990; Graziadei et al., 
1994; Yavelow et al., 1997). In addition, oti-AT-neutro- 
phil elastase complexes and proteolytically modified ai- 
AT can act as potent chemoattractants for neutrophils 
and may therefore play a role in sustaining inflamma- 
tory responses at sites of tissue injury (Banda et al., 
1988a, b). 

The mechanisms by which arAT exerts these cellular 
effects are poorly understood, although some of its 
gi'owth-inhibitory effects are thought to be mediated via 
its ability to inhibit transferrin-receptor binding and 
cellular iron uptake (Graziadei et aL, 1994). In breast 
cancer cells, ai-AT is a growth inhibitor and these effects 
were recently shown to be due to its ability to block the 
pericellular release of transforming gi'owth factor-alpha 
(TGFoi) by these cells (Yavelow et al., 1997). A cellular 
receptor for ocj-AT has not been identified to date, 
although a cell surface receptor termed serpin-enzyme 
complex receptor (SEC receptor) which binds the czi-AT- 
elastase and other serpin-enzyme complexes, and is 
involved in the internalisation and degradation of these 
complexes, has been described (Perlmutter et al, 1990a, 
b; Joslin et al., 1993). In addition, the SEC receptor is 
thought to mediate the chemotactic effects of <y.i-AT- 
elastase complexes towards neutrophils (Joslin et al., 
1992), as well as the induction of ai-AT synthesis by 
maci'ophages (Joslin et al., 1991). 

Since ai-AT deficiency can result in connective tissue 
destruction, and ai-AT can exert a number of cellular 
effects, we hypothesised that aj-AT may play a role in 
tissue repair processes by directly activating mesen- 
chymal cells. In order to address this hypothesis, we 
examined the effect of ai-AT on fibroblast proliferation 
and procollagen production in vitro and show that, at 
physiologically relevant concentrations, ai-AT is a 
potent promoter of fibroblast proliferation. ai-AT was 
also capable of stimulating fibroblast procollagen pro- 
duction but these effects were not as dramatic as its 



mitogenic effects. In oi'dei* to begin to examine the 
mechanism by which ai-AT might be acting, we further 
show that cxi-AT exposure results in the rapid activation 
of p42'^^ and p44^^^ and that the proliferative 
effects of ai-AT can be completely blocked with the 
specific MEKl inhibitor PD98059. These data support 
the hypothesis that aj-AT may play a role in tissue 
repair processes by directly stimulating fibroblast 
proUferation and procollagen production via activation 
of signalling pathways employed by classical mitogens. 

MATERIALS AND METHODS 
Materials 

The cell lines used in these experiments were human 
foetal lung fibroblasts (HFLl and IMR90, American 
Type Culture Collection, Rockville, MD) and primary 
human adult dermal fibroblasts (kindly provided by 
Miss Maddy Parsons, UCL, London, UK). DMEM 
culture media was from Gibco-BRL (Paisley, UK). 
Newborn calf serum (NCS) was from Imperial Labora- 
tories, Andover, UK). For most experiments, ai-AT 
isolated from human plasma (cat. no. A9024, Sigma, 
Poole, UK) was used. Salient findings were confirmed 
with highly purified ai-AT (cat. no. 178251 Calbiochem- 
Novabiochem). Both preparations were chai-acterised 
by SDS-PAGE. The preparation supplied by Sigma was 
found to contain two major ai-AT variants in the mono- 
meric form, as well as trace amounts (less than 0.01%) of 
unidentified high and low molecular weight bands, 
whereas the preparation supplied by Calbiochem- 
Novabiochem contained a single a^AT variant in the 
monomeric form and no other detectable bands. In order 
to remove high concentrations of NaCl (IM) after 
reconstitution of the lyophilized powder, this prepara- 
tion of Oil -AT was extensively dialysed against phos- 
phate-buffered sahne (PBS) and DMEM, followed by 
sterilisation by 0.22 |.im filtration, prior to addition to cell 
cultures. 

Determination of cell proliferation 

Cell proliferation was assessed using a spectrophoto- 
metric assay based on the uptake and subsequent 
elution of the dye methylene blue according to a 
previously published method from our laboratory 
(Oliver et aL, 1989). All proliferation experiments were 
performed on cells in sub-confluent culture in the 
absence of serum, unless otherwise stated. Briefly, cells 
w^ere seeded into 96-well plates at a concentration of 
4 X 10^ cells/well in 100 ni DMEM supplemented with 
2% NCS. Ajfter 16 h, the medium was removed and 
replaced with 100 |.d fresh serum-free DMEM to quiesce 
the cells. After this 24-hour pre-incubation, the pre- 
incubation media was replaced with fresh DMEM or 
DMEM supplemented with ai-AT at concentrations 
between 1 and 60 |.iM. In some experiments, albumin 
(Sigma; 1-60 |.iM) was added to control for non-specific 
protein effects. Cells were incubated at 37*'C for various 
times up to 72 h (n = 6 for each dose and each time point). 
In order to correct for the absorbance associated with 
cells present at the onset of each experiment (to 
absorbance); a plate containing cells plated as described 
above and left to incubate for the initial 24-hour pre- 
incubation only was used. 
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In experiments with pharmacological inhibitors, 
exposure times and concentrations were optimised so 
as to avoid inhibiting basal cell proliferation. For 
tyrosine kinase and MBKl inhibition experiments, 
lavendustin A (10|.iM), genistein (lO^iM) and PD 
98059 (50|iM) (all from Calbiochem-Novablochem, 
Nottingham, UK) were added at the end of the 24-hour 
pre-incubation period in serum-free conditions. After 
30min, ai-AT was added to a final concentration of 
30 |iM, and the cells were left to incubate for 48 h. 

Determination of procollagen metabolism 

Cells were gi'own to confluence in 2.4 cm diameter 
wells in DMEM supplemented with 5% NCS and pre- 
incubated in serum -free DMEM supplemented with 
50j.ig/ml ascorbic acid (BDH, Poole, UK) and 0.2 mM 
'proline (Sigma) for 24 h and exposed to ai-AT (10 |.iM and 
30 ixM) or 40 pM transforming gi-owth factor-Pi (TGFPi; 
R&D Systems, Abingdon, Oxon, UK) in similar serum- 
free medium (n = 6 for each dose and each time point). 
Procollagen synthesis and production were assessed 
after 24 and 48 h exposure according to methods 
previously described (Chambers et aL, 1994). Briefly, 
the cell-layer and culture medium were hai*vested and 
proteins precipitated in 67% (v/v) ethanol at 4**C for 16 h. 
Ethanol-insoluble proteins (precipitated proteins) were 
separated from ethanol-soluble free amino acids and 
small peptides by filtration through a 0.45 jxm pore filter 
(Millipore, Watford, Herts, UK). Ethanol-soluble frac- 
tions were dried and both ethanol-soluble and insoluble 
fractions were hydrolysed in 6M hydrochloric acid at 
110°C for 16 h. Hydroxyproline (Hyp) in hydrolysates 
was isolated and quantified by reverse-phase-HP LC 
(Beckman, System Gold, High Wycombe, Bucks, UK). 
All values obtained were corrected for the amount of Hyp 
measured in the cell layer and culture medium at the 
onset of the experiment. Hyp in the ethanol-insoluble 
fraction represents procollagen production, and Hyp in 
the ethanol-soluble fraction represents procollagen 
synthesised and subsequently degi'aded. Taken 
together, these two fractions represent the total amount 
of procollagen synthesised over the incubation period. 

Western analysis of phosphorylated proteins 

Cells were grown to about 70% visual confluence in 
75 cm^ tissue culture flasks in DMEM-5% NCS, quiesced 
in serum-free medium for 24 h and exposed to control 
medium, 30 |.iM ai-AT or DMEM-10% NCS for various 
incubation times. For tjnrosine-specific protein phos- 
phoiylation experiments, the medium was removed, the 
cell layer washed twice with HEPES-bufTered saline and 
cells lysed in 1 ml lysis buffer (50 mM HEPES, 150 mM 
NaCl, 10% glycerol, 1% Triton X-100, ImM EGTA, 
1.5 mM MgCl2» 100 mM NaF, 10 mM Na-pyropho- 
sphate) supplemented with fresh 1 mM Na-orthovana- 
date, ImM phenyl-methyl-sulfonyl fluoride (PMSF), 
10).tg/ml aprotinin and 10|.ig/ml leupeptin. An aliquot 
was assayed for total protein content in a protein assay 
according to the manufacturer's instructions (Pierce, 
Chester, UK). Proteins were separated by standard 
SDS-PAGE (12.5%) in the presence of p-mercaptoetha- 
nol in the loading buffer. Proteins were transferred onto 
Hybond-ECL membranes (Amersham International, 
Little Chalfont. UK) for 4 h at 250 mA. Equal loading 



and even transfer were verified by Ponceau S staining 
(Sigma). For MAP Kinase phosphorylation expenments, 
cells were treated as described above, lysed on ice with 
lysis buffer (6.2 mM Ti-is-HCl, pH 6.8, 2% SDS, 10% 
glycerol, 50 mM DTT, and 0.1% bromophenol blue) and 
electi'ophoresed by SDS PAGE (10%), followed by 
transfer to Hybond-ECL membranes. 

Tyi'osine-specific protein phosphorylation was exam- 
ined using an anti-phosphotyi'osine antibody (R2D2, 
Roche Bioscience, Palo Alto, CA). Active p42^^ and 
p44M.^K y^QYQ detected using a specific antibody to the 
activated (phosphoiylated) forms of these proteins (New 
England Biolabs, Beverly, MA). Non-specific antibody 
binding was prevented by incubating membranes in 5% 
non-fat dry milk in Tris-buffered saline containing 0. 1% 
(w/v) Tween-20 (TBS-T), for 2h at room temperature. 
Membranes were incubated for 1 h at room temperature 
with the primary anti-phosphotyrosine antibody or 
overnight at 4°C with the primary antibody to the 
phosphorylated forms of p42^^APK p44^^ fol- 
lowed by a 1-hour incubation with the relevant horse- 
radish-peroxidase-conjugated secondaiy antibody 
(DAKO, Bucks, UK) at room temperature. Between 
and after incubations, membranes were washed three 
times with TBS-T for lOmin. Immunoreactive bands 
were visualised by enhanced chemiluminescence (ECL, 
Amersham International) followed by exposure to 
KODAK X-OMAT autoradiogi*aphy film (Sigma) and 
densitometric scanning. 

Statistical analysis 

All proliferation and procollagen synthesis data 
reported are presented as means ± standard error of 
the mean (SEM) from six replicate cultures and ai'e 

representative of three separate experiments per- 
formed. Statistical evaluation was performed using an 
unpaired Student's t.-test — -or analysis of variance 
(AN OVA) using the Neuman-Keuls procedure for 
multiple group comparisons. 

RESULTS 

Effect of arAT on fibroblast proliferation 

• Figure 1 shows the effect of increasing concentrations 
of aj-AT on HFLl cell number after 24, 48, and 72 h at a 
range of concentrations, where the cell number is based 
on the spectropliotometric quantitation of the uptake 
and subsequent elution of the dye, methylene blue, ai- 
AT had no effect at 0.1 pM but stimulated fibroblast 
proliferation in a concentration-dependent manner 
from 1 |.iM onwards with absorbance values at 24 h 
significantly increased by 25 ± 4% (P < 0.05), 78 ± 3%, 
101 ± 4% and 1 14 ± 2% above media controls at 1, 10. 30, 
and 60 |liM, respectively (P < 0.01). At later time points, 
values were significantly increased by 36 ± 2%, 68 ± 1%, 
82 ±3% at 48 h and by 62 ±4%, 97 ±4%, 118 ±2% at 
72 h for 10, 30 and 60 nM ai-AT, respectively (all 
P < 0.01). For comparison, 10% serum (NCS) signifi- 
cantly stimulated fibroblast proliferation by 187 ±5%, 
218 ± 4% and 421 ± 13% relative to media control cells at 
24, 48, and 72 h, respectively CP < 0.01). The validity of 
the results obtained with ai-AT was confirmed using a 
second method in which the cell number was assessed by 
direct cell counting. In these experiments, 30 jiiM cti-AT 
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Fig. 1. apAntitiypsin (sti-AT) stimulates HFLl proliferation in a 

concentration- and time-dependent manner. HFLl cells were incu- 
bated in the presence of increasing concentrations of ai-AT (0.1- 
60jiM) and cell proliferation was assessed using a spectrophotoinetric 
assay after 24, 48» and 72 h. Bach value represents the mean d: SEM 
from six replicate cultures at eacli time point. Molarities refer to tlie 
concentrations of atj-AT. 'P < 0.05, < 0.01 vs. media control at 
each time point. 

stimulated cell proliferation by 50 ±5% at 48 h 
iP < 0.01). To further validate our findings, we also 
examined the proliferative effects of highly purified ar 
AT obtained from a second commercial source (Calbio- 
chem-Novabiochem). In this experiment, 30 mM oli-AT 
obtained from Sigma stimulated HFL-1 fibroblast 
proliferation, assessed by direct cell counting at 48 h, 
by 124 ± 13% (P < 0.01) above media control values, 
whereas a^-AT from Calbiochem-Novabiochem stimu- 
lated proliferation by 97 ±16% (P < 0.01). In contrast 
albumin at all concentrations examined (1-60 |.iM) had 
no effect on fibroblast proliferation (data not shown). 

In order to ensure that the stimulatory effects of a i -AT 
were not restricted to a single cell line, we also assessed 
the effect of an optimal stimulatory concentration of aj- 
AT (30 |.iM) on the proliferation of a second fibroblast cell 
line (IMR90), as well as on primary human dermal 
fibroblasts (pHDF) (Fig. 2) after 48 h exposure. ai-AT 
was mitogenic for both cell types examined with values 
increased by 70 ± 3% (P < 0.01) above media controls for 
IMR90 cells and by 24 ±2% (P < 0.01) for pHDF. For 
comparison, IMR90 and pHDF were also less i*esponsive 
to 10% sei'um than HFLl cells with proKferation 
increased by 152 ±3% (P < 0.01) for IMR90 and 
101 ± 2% (P < 0.01) for pHDF. 

Effect of tti-AT on HFLl fibroblast 
procollagen metabolism 

The previous results showed that oti-AT stimulated 
fibroblast prolifei'ation in a concentration- and time- 
dependent manner. In order to examine whether (Xi-AT 
affected fibroblast procollagen metabolism » we also 
assessed the effect of ai-AT on procollagen production 
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Fig. 2. 0!i-Antiti7psin (ctj-AT) stimulates IMR 90 and pHDF 
proliferation. IMR90 and pHDF cells were incubated in the presence 
of 30 -AT and cell proliferation was assessed using a spectro- 
photometi'ic assay after 48 h. Each value represents the mean ± SEM 
from six replicate cultures at each time point. P values refer to aj-AT 
vs. media control for each cell line. 



and degi'adation. Procollagen metabolism experiments 
were performed on confluent cultures, so that cells were 
contact-inhibited and not capable of proliferating in 
response to ^^^ti-AT. However, all procollagen production 
values have been corrected for cell number at the end of 
the incubation period. Figui-e 3 shows the results 
obtained at two time points and the two doses of aj-AT 
examined. Panel A shows the data obtained for procolla- 
gen production (Hyp in ethanol-insoluble fraction), 
whereas panel B shows procollagen synthesis (Hyp in 
both ethanol-insoluble and ethanol-soluble fractions 
combined). cxi-AT stimulated fibroblast procollagen 
production at both concentrations and time points with 
values increased by 20 ±3% and 24 ± 2% above media 
controls (both P < 0.01) at 24 h, and by 35 ±2% and 
34 ± 3% (both P < 0.01) at 48 h. The trend for procolla- 
gen S3' n thesis was similar with values increased b3' 
22 ± 7% and 20 ± 3% (both P < 0.01) at 24 h and 30 ± 2% 
and 26 ± 3% (both P < 0.01) at 48 h. At both doses and 
time points, 7.1 -AT had no significant effect on procolla- 
gen degi adation, expressed as an amount of Hyp in 
ethanol-soluble protein or as a proportion of total pro- 
collagen synthesised over the 24- and 48-hour incuba- 
tion periods. For comparison, an optimal stimulatoi'y 
dose of TGFpi (40 pM) used as a positive control, sti- 
mulated fibroblast procollagen production by 66 ± 7% 
(P < 0.01). 

Role of tyrosine kinases in mediating the 
mitogenic effects of ai-AT 

We next attempted to examine the potential mechan- 
ism by which aj-AT exerts its stimulatoiy effects on 
fibroblast function by investigating eai4y signalling 
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Fig. 3. r/i-AntitO'psin (aj-AT) stimulates HFLl procollagen piodnc- 
tiou and synthesis. HFLl cells were grown to confluence and 
incubated with 10 and 30 nM Vi-AT for 24 and 48 h. Panel A shows 
procollagen production and panel B shows procollagen S3'ntliesi5. Eacli 
value repi*esents the mean -k S£M from six replicate cultures at each 
time point. P values refer to oe|-AT vs. media control For each time 
point. 

events induced in response to ai-AT. We first examined 
the effects of 7.1 -AT on tyrosine-specific protein phos- 
phorylation by Western blotting and found that ai-AT 
induced the tyrosine-specific phosphorj'lation of several 
protein species which included proteins with approx- 
imate molecular weights of 40, 46 and 70kDa (data not 
shown). 

In order to examine the functional role of tyrosine 
kinases in mediating the stimulatory effects of ot^-AT on 
fibroblast function, we examined the effect of two 
tyrosine kinase inhibitors (lavendustin A and genistein) 
on ai-AT-induced fibroblast proliferation (Fig. 4). The 
results obtained showed that at low non-cytotoxic 
concentrations (10|.iM), lavendustin A and genistein 
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Fig. 4. Tyrosine kinase inhibitors partially block the initogenic 
effects of ai-antitiypsin (oci-AT). HFLl cells were pre-treated witli 
10 lavendustin A or 10 mM genistein for SOmin, prior to the 
addition of 30 a^-AT and cell proliferation was assessed using a 
spectropliotometric assay after 48 h. Each value represents the 
mean ± SEM from six replicate cultures at each time point. 



abrogated the stimulatory effects of ai-AT by 44 and 
39%, respectively (both P < 0.01) with minimal effects 
on basal cell absorb ance values. 

Role of MAP kinases in mediating the 
mitogenic effects of ai-AT 

In light of the finding that some of the proteins on the 
phospho tyrosine blot had molecular weights which were 
within the range for the classical MAP kinases, we next 
went on to examine the role of these kinases in medi- 
ating the mitogenic effects of ai-AT, We first examined 
p42M.^PK P44MAPK activation by Western blotting 

using an antibody which specifically recognises the acti- 
vated forms of these kinases. Figure 6 shows the results 
obtained for cells treated with 30 mM ai-AT, 10% NCS or 
control medium for 5 and 16 min. ai-AT induced the 
dramatic phosphoi'ylation of both MAP kinases at both 
time points examined with comparable effects obtained 
for cells exposed to 10% serum. 

The functional role of these MAP kinases in promoting 
the mitogenic effects of ai-AT was again examined by 
pharmacological inhibition using a selective MEKl 
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Fig. 5. Effect of ai-AT on MAP kinase protein phosphorylation. 
HFLl cells were incubated with SOjiM aj-AT, 10% sei'iim or control 
media for 5 and 15 min. otj-AntitoTDsin (apAT) and 10% serum in- 
duced the phosphoi-ylation of both p42"'^^^^ and p44'^'"^^'' at both time 
points examined. 
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Fig. 6. A MBKl inhibitor completely blocks the initogenic effects of 
aj-AT. HFLl cells were pre-treated with 50 pM PD98059 for 30min, 
prior to addition of 30j.iM a j -antitrypsin (xj-AT) and cell proliferation 
was assessed using a spectrophotometi'ic assay after 48 h. Each value 
represents the mean db SEM from six replicate cultures at each time 
point. 



inhibitor (PD 98059) which has been shown to inhibit 
both p42^'^^^ and p44^^^ activation. In the represen- 
tative experiment shown (Fig. 6), 30 yiM ai -AT stimu- 
lated fibroblast proliferation by 138 ± 16% (P < 0.01) 
above media control cells after 48 h. The mitogen ic eff- 
ects of oci'AT were completely blocked for cells exposed to 
50|.iM PD98059, whereas at this dose PD98069 had no 
effect on media control cell absorbance values. 

DISCUSSION 

In this study we examined the hypothesis that oc^-AT 
may play a role in tissue repair processes by promoting 
fibroblast proliferation and procollagen production. We 
show that ai-AT is a potent promoter of fibroblast 
proliferation and that these effects are mediated via 
activation of classical mitogen-activated protein kina- 
ses. We further show that ai-AT also stimulates fibro- 
blast procollagen production but the magnitude of the 
response is lower than for fibroblast proliferation. This 
is, to our knowledge, the first report to clearly establish 
the effect of a-i-AT on fibroblast proliferation and proco- 
llagen production, and to begin to investigate the intra- 
cellular signalling pathways involved. 

Effect of o(|-AT on fibroblast proliferation 

The proliferative effects of a] -AT were confirmed in 
three different fibroblast lines, including two human 
foetal lung fibroblast cell lines (HFLl, IMR90) and 
primary human adult dermal fibroblasts, suggesting 
that the mitogenic effects of oti-AT may play a role in a 
number of tissues. The mitogenic potential of cxx-AT was 
further confirmed by replicating our original data using 
highly purified c-i-AT from a second commercial sup- 
plier. Analysis of these preparations by SDS-PAGE 
under reducing and non-reducing conditions showed 
that for both preparations, ai-AT was in the monomeric 



form, so that all of its proliferative effects are likely to be 
mediated by the monomeric form of the protein rather 
than other conformational states. 

In most of our experiments, fibroblast proliferation 
was assessed using an extensively employed spectro- 
photometric assay, based on the uptake and subsequent 
elution of the dye methylene blue. However, critical 
results were also confirmed by assessing proliferation by 
direct cell counting on parallel cell cultures. Although 
the exact percent stimulation obtained was not identical 
because of the inherent difference in sample processing 
between the two methods, a high degree of correlation 
was always observed. In addition, careful examination 
of cell cultures by inverted light microscopy at high 
magnification aOowed us to conclude that ai-AT had no 
effect of cell morphology. 

The mitogenic effects of ai-AT were both concentra- 
tion- and time-dependent fi*om l|.iM onwards, with 
maximal stimulatory effects obtained at concentrations 
between 30 and 60 |iM. These concentrations are within 
the physiological range for a^-AT since normal levels of 
this antiprotease in the circulation range from 20 to 
53 |.iM (Crystal, 1990). Although aj-AT was mitogenic for 
all three fibroblast lines examined, ai-AT exerted its 
most potent effects on HFLl cells, for which prolifera- 
tion was maximally increased by about 138%. Tliis 
corresponds to approximately a thu"d of the proliferative 
effect of 10% serum and about half that obtained with an 
optimal concentration of a classical mitogen, such as 
PDGF-AB in the assay used. The lowest proliferative 
response to a^AT was obtained with primary adult 
dermal fibroblasts, with values maximally increased by 
25%. However, these cells were only half as responsive to 
10% serum as HFLl fibroblasts, suggesting that they 
have a lower intrinsic proliferative capacity. 

Effect of a-i-AT on fibroblast procollagen 

metabolism 

At concentrations at which aj-AT stimulated fibro- 
blast proliferation, ai-AT also promoted HFLl procolla- 
gen production with values increased by about 20% 
(P < 0.01) at the earliest time point examined (24 h). The 
stimulatory effect obtained was gi^eater at 48 h (35%) but 
we did not examine further time points because the 
kinetics of procollagen production for this cell line cease 
to be linear in serum-free conditions for media control 
cells (Chambers et al., 1998). The effects of cci-AT on 
procollagen production occurred independently of 
changes in cell number since procollagen metabolism 
experiments were performed at confluence, and direct 
cell counts at the end of the 48-hour incubation period 
showed that cti-AT did not stimulate HFLl proliferation 
at confluence. There was no significant difference in the 
stimulatory effects obtained with 10 and 30 yiM ^i-AT, 
suggesting that the response in procollagen production 
was already maximal at 10)jM. Finally, the magnitude 
of the response obtained with ai-AT on procollagen 
production corresponds to about a third of that obtained 
with an optimal concentration of TGFpi, the most 
potent mediator of procollagen production characterised 
to date (McAnulty et al, 1991). 

We also examined the effect of ai-AT on intracellular 
procollagen degi'adation since this is thought to be 
another important regulatory step by which some pro- 
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fibrotic mediators, including TGFPi, can increase the 
amount of procollagen secreted and deposited (McA- 
nulty et aL, 1991). In the experiments perfonned, proco- 
llagen production represents the amount of procollagen 
secreted into the culture medium and deposited in the 
cell layer during the incubation period. Approximately 
20% of all procollagen synthesised basely by HFLl 
fibroblasts in serum-free conditions, is degraded intra- 
cellularly within minutes of its synthesis (Chambers 
et al., 1994). Since intracellular procollagen degradation 
is almost complete and Hyp is derived from the post- 
translational hydroxylation of proline, Hyp in the 
ethanol-soluble pool can be taken to represent procolla- 
gen synthesised and subsequently degraded during the 
incubation period. Procollagen synthesis is based on 
Hyp in the combined ethanol-insoluble and ethanol- 
soluble protein pools. However, in contrast to TGFPi, ai- 
AT had no effect on the proportion of newly synthesised 
procollagen degi'aded, indicating that all the effects on 
procollagen production occurred via effects on procolla- 
gen synthesis eJone. 

Role of tyrosine kinases and MAP Idnases in 
mediating the mitogenic effects of oti-AT 

To begin to examine the potential mechanism by 
which ai-AT might influence fibroblast function, we 
assessed the effects of ^i-AT on early cellular signalling 
events. ai-AT stimulated the tyrosine-specific phosphor- 
ylation of a number of proteins, raising the possibility 
that ai-AT may mediate its stimulatory effects on 
fibroblast function via rapid protein kinase phosphor- 
ylation cascades. The functional role of tyrosine phos- 
phorylation was assessed using two general tyrosine 
kinase inhibitors, lavendustin A and genistein. Laven- 
dustin A is a potent and selective inhibitor of epidermal 
growth factor receptor kinase (EGFRK) and non- 
receptor tyrosine kinases such as pp60^"®''^. Genistein 
is a widely used general tjTosine kinase inhibitor which 
also inhibits autophosphorylation of EGFRK but with 
much lower potency than lavendustin A. Both inhibi- 
tors, used at selective concentrations, were effective in 
blocking the mitogenic effects of a^-AT b3' around 40%, 
suggesting that ocj-AT mediates its effects on fibroblast 
proliferation via tyi^osine kinase-linked signalling path- 
ways. 

aj-AT also induced the rapid phosphorylation and 
activation of p42'^'^':^^^^ and p44*'^"'^^^ with comparable 
effects tx) those obtained with 10% serum. The functional 
significance of p42^^*'^^*^ and p44^^^*^ activation was 
investigated by examining the effects of the selective 
and cell-permeable MEKl inhibitor PD98059 on HFLl 
proliferation in response to otj-AT. In these experiments, 
the inhibitor was used at a concentration of 50 \j.M, since 
at this dose PD98059 has been shown to be highly 
selective for MEKl with no discernible effect on the 
activation of SAPKl/JNK, p38c<, p38y, p38, PI 3-kinase, 
PKB and p70 S6 kinase signafling pathways (Alessi 
et al., 1995). In our experiments PD98059 used at the 
recommended concentration, completely abrogated the 
proliferative effects of ai-AT but had no effect on media 
control cell proliferation, indicating the critical involve- 
ment of the p42^-^^^Vp44^^'^^^^ signalling pathway in 
mediating the proliferative effects of apAT. We did not 
attempt to perform similar experiments to assess the 



role of the. p42*^^^/p44^^^ signalling pathway in 
mediating the stimulatory effects of ai-AT on fibroblast 
procollagen production, because we do not believe that 
the modest stimulation obtained provides a good enough 
window to block the effect with pharmacological inhibi- 
tors. However, the data obtained in proliferation studies 
are consistent with the involvement of receptor- 
mediated £ind classical signalling cascades in transdu- 
cing the stimulatory effects of ai-AT on fibroblast 
function. However, a cellular receptor for ai-AT has 
not been identified to date. Studies to identify such a 
receptor, as well as to establish the potential involve- 
ment of the SEC receptor in mediating these effects will 
form the focus of futm^e studies and should be very 
informative. 

Putative role of ai-AT in tissue 
repair processes 

Connective tissue formation at sites of tissue repair is 
regulated by a balance between connective tissue 
synthesis and degradation. Intense research has lead 
to the identification of the key regulatory steps in conn- 
ective tissue synthesis and has highlighted the impor- 
tance of pro-fibrotic cytokines and growth factors in 
di*iving both fibroblast proliferation and matrix protein 
synthesis (for a review see. Chambers and Laurent, 
1997). Connective tissue degradation is thought to be 
primarily dependent on the coordinate action of pro- 
teases, in particular the matrix metalloproteinases 
(MMPs) and antiproteases (including the tissue inhibi- 
tors of metalloproteinases (TIMPs)). Recent evidence 
has suggested that proteases and antiproteases may 
also exert direct effects on cell function, including 
influencing cell migi'ation and proliferation (Chambers 
et al., 1998 and references therein; Hayakawa et al., 
1994). The in vitro data presented in this study 
demonstrate a novel role for the major circulating serpin 
in modulating fibroblast proliferation and procollagen 
production in vitro. These findings represent a signifi- 
cant contribution to the information currently available 
on the cellular effects elicited by ai-AT. ai-AT is present 
in the circulation at concentrations between 20 and 
50 |.iM and in the pulmonary interstitium at 10-15% of 
these levels. The circulating levels rise four- fold follow- 
ing tissue injuiy and inflammation and remain high for 
up to 6 days which correspond to the circulatory life of 
the protein (Diclison and Alper, 1974; Crystal, 1989). 7.i- 
AT inhibits the biological activities of neutrophil 
elastase, which is secreted by activated neutrophils in 
injured and inflamed areas. Furthermore, ai-AT can be 
synthesised by macrophages and pulmonai'y alveolar 
cells in response to elastase, (Zi-AT-elastase complexes 
and pro-inflammatory cytokines, such as IL-6, TNFo! 
and TGFPi, so that a^AT levels can remain elevated in 
injured tissues. 

The results presented in this paper propose a role for 
ai-AT in promoting tissue repair processes by directly 
stimulating fibroblast proliferation and extracellular 
matrix production at sites ol' tissue injury. The in vivo 
relevance of these findings remains to be established, 
although our obsei*vation may be relevant to the findings 
that topical administration of czi-AT onto dermal 
wounds of patients with atopic dermatitis promotes 
tissue healing in patients who were unresponsive to 
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steroid treatment (Wachter and Lezdey, 1992). Our 
results may also be relevant to liver fibrosis in patients 
with ai-AT gene defects, in particular individuals who 
are homozygous for the Z variant. This mutation results 
in the formation of large hepatic inclusions consisting of 
polymerised mutant ai-AT (Lomas et al., 1992). The 
pathogenesis of liver disease in these patients remains 
poorly understood, although liver injury and inflamma- 
tion caused by hepatocyte necrosis is commonly 
observed. However, it is possible that the cellular effects 
of tti-AT described here may also contribute to collagen 
deposition in this disorder directly, in particulai' in light 
of the finding that ai-AT administration has been 
reported to accelerate hepatic fibrosis in chronic liver 
iiyury models in experimental rats (Ozeld et al., 1989). 
Finally, ai-AT augmentation therapy for patients with 
ai-AT deficiency and at risk of developing pulmonai'y 
emphysema, has been in clinical use for almost 10 years 
and initial reports suggest that this therapy does 
prolong life (Mason and Crystal, 1998). Whether this 
effect is due to the effects on tissue repair, in addition to 
blocking neutrophil elastase attack of the interstitium, 
remains at present uncertain. 

In conclusion, we have shown for the first time, that 
ai-AT is a potent promoter of fibroblast proliferation and 
a moderate stimulator of procollagen production. Our 
data support the hypothesis that antiproteases may play 
a direct role in promoting tissue repair processes at sites 
of inflammation. Studies to elucidate the mechanisms by 
which oti-AT exerts its cellular effects on fibroblast 
function demonstrated the involvement and rapid 
activation of tyrosine kinase and MAP kinase signalling 
pathways raising the possibility that ai-AT may be 
mediating these effects via the activation of cell-surface 
receptors and signalling pathways employed by classical 
mitogens. 
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